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PREFACE 

Surgery  is  no  longer  "a  mere  mechanic  art".  Out  of  the  old  surgery 
which  placed  so  great  a  stress  upon  technique  a  new  surgery  is  being 
evolved,  a  new  conception  is  being  formed,  the  application  of  which 
belongs  to  no  passing  event,  the  future  of  which  no  one  can  prophesy. 

Functional  surgery,  if  one  may  use  the  term,  belongs  to  all  the  future. 
Take,  for  example,  abdominal  diagnosis,  where  the  mechanism  of  pain  is 
a  question  of  vast  complexity,  and  the  evaluation  so  essential  to  diagnosis. 
Again,  the  latter-day  investigation  of  anaesthesia  opens  a  new  field  and 
warns  the  surgeon  that  every  function  of  the  nervous  system  must  be 
given  detailed  consideration.  The  study  of  antiseptics  has  linked 
Ehrlich's  conception  of  chemical  action  with  the  daily  technique  of  the 
operating  room  and  extended  the  domain  of  bacteriology  in  the  scien- 
tific treatment  of  wounds.  It  is  such  advances  as  these  that  we  have  at- 
tempted to  incorporate  with  the  portrayal  of  the  technique  of  various 
surgical  clinics.  The  foundation  was  found  in  Burghard's  Surgery, 
whose  various  contributors  in  collaboration  with  the  editors  have  added 
proved  procedures  from  American  clinics  and  revised  the  various  chapters 
in  the  light  of  the  developments  in  surgical  practice  produced  by  expe- 
rience in  war. 

The  loose-leaf  form  of  the  Oxford  Surgery  will  permit  the  editors  to 
present  the  future  changes  in  British  surgery  and  incorporate  the  best 
thought  of  the  leading  American  clinics. 

The  originality  and  individuality  obtained  in  these  volumes  will  be 
sought  rather  than  a  colourless  enumeration  of  operative  procedures. 
Categorical  enumeration  of  operations  of  historical  interest  only  and  pro- 
cedures not  demonstrated  by  actual  experience  to  be  of  value  will  be 
avoided. 

The  editors  wish  to  express  to  the  various  contributors  and  to  those 
whose  contributions  are  being  prepared  for  future  insertions  the  apprecia- 
tion of  the  surgeons  of  America  and  Great  Britain  for  their  unstinted 
and  unselfish  labour  during  a  time  when  they  are  so  occupied  by  duties 
necessitated  by  the  exigencies  of  war. 

f.  f.  burghard. 
Allen  B.  Kanavel. 
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CHAPTER  I 
INTRODUCTION 

Whilst  an  intimate  acquaintance  with  detail  is  essential  for  the  suc- 
cessful practice  of  aseptic  surgery,  a  thorough  knowledge  of  the  principles 
upon  which  that  practice  is  founded  is  also  necessary.  Without  such 
knowledge  the  carrying  out  of  those  details  in  a  perfunctory  and  un- 
intelligent manner,  whether  on  the  part  of  surgeon,  nurses,  or  assistants, 
is  attended  with  danger;  for  the  aseptic  chain  is  composed  of  many  links, 
the  breaking  of  any  one  of  which  may  at  any  moment  lead  to  disaster. 

The  technique  of  aseptic  surgery  as  practised  at  the  present  day  has 
gradually  and  steadily  been  evolved  from  contributions  made  by  sur- 
geons, bacteriologists,  pathologists  and  chemists,  but  amid  the  mass  of 
material  that  has  accumulated  the  fact  must  not  be  lost  sight  of  that  the 
fundamental  principles  upon  which  it  is  based  are  essentially  the  same 
as  those  which  underlay  the  earliest  attempts  to  secure  the  healing  of 
wounds  without  suppuration. 

At  the  present  time  the  tendency  is  towards  simplification  of 
methods,  but  there  are  some  surgeons  who  feel  that  such  simplification 
means  the  throwing  away  of  safeguards,  and  that  we  have  already 
advanced  too  far  in  this  direction.  They  view  with  distrust  the  substi- 
tution of  simple  washing  of  the  hands  for  elaborate  methods  of  chemical 
disinfection,  and  the  use  of  plain  sterilized  dressings  in  place  of  those 
impregnated  with  chemical  antiseptics.  Experience  has  shown  such 
fears  to  be  groundless,  and  this  statement  will,  I  believe,  be  endorsed 
by  the  great  majority  of  operating  surgeons  at  the  present  day. 

Except  in  small  matters  of  detail,  technique  may  almost  be  said  to 
have  become  standardized,  and  it  is  a  technique  which  is  based  upon 
simple  cleanliness  and  heat  sterilization  rather  than  upon  chemical  dis- 
infection— upon  belief  in  the  germicidal  power  of  uninjured  cells 
rather  than  that  of  chemical  antiseptics. 

TERMINOLOGY 

Some  at  least  of  the  controversies  which  arise  from  time  to  time  in 
connexion  with  modem  surgical  methods  originate  in  nothing  more 
important   than   looseness   of   terminology.     Writers   attach    different 
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meanings  to  words  in  common  use,  so  that  from  this  cause  alone  argu- 
ments arise  between  those  who  are  really  in  entire  agreement  upon  the 
principles  involved.  It  is  no  longer  right  to  speak  of  *  Antiseptic  *  and 
*  Aseptic '  Surgery  as  if  they  represented  two  different  and  antagonistic 
schools  of  technique,  for  practice  has  become  so  crystallized  that  modi- 
fications of  technique  represent  in  the  main  but  differences  of  detail,  not 
of  principle.  The  crude  antiseptic  methods  of  a  past  generation  aimed 
less  at  the  exclusion  of  micro-organisms  from  the  wound  than  at  their 
destruction  in  and  upon  it.  It  is  the  recognition  of  the  fact  that  cell 
protoplasm  is  far  more  easily  killed  by  chemical  antiseptics  than  are 
micro-organisms  which  has  led  to  the  practice  of  what  is  popularly 
termed  '  aseptic '  as  opposed  to  '  antiseptic '  surgery. 

In  this  restricted  sense,  dependent  upon  an  erroneous  conception  of 
the  meaning  of  these  words,  '  antiseptic  surgery  *  represents  but  an 
evolutionary  step  in  the  development  of  modern  surgical  technique.  In 
order  to  save  confusion  the  sense  in  which  such  terms  are  used  in  this 
article  will  first  be  defined. 

Antiseptic.  Any  agency  which  is  directed  to  bringing  about  a 
state  of  asepsis  is  antiseptic.  Heat  is  an  antiseptic;  so  also  is  any 
chemical  substance  or  solution  which  either  destroys  or  prevents  the 
growth  of  bacteria;  any  ritual  of  cleanliness  in  clothing,  furniture,  or 
manipulation  designed  to  exclude  micro-organisms  from  a  wound  is 
rightly  termed  an  antiseptic  method. 

Aseptic.  This  term  denotes  that  state  or  condition  of  a  wound, 
an  instrument,  a  piece  of  furniture,  a  ligature,  or  a  fluid  which  results 
from  antiseptic  methods.  Asepsis,  therefore,  has  no  antagonism  to 
antisepsis,  but  results  from  and  is  dependent  upon  it. 

An  aseptic  wound  is  one  which  heals  by  first  intention  without  show- 
ing any  local  sign  of  inflammation  or  producing  any  constitutional  dis- 
turbance. Such  a  wound  is  not  necessarily  germ-free.  In  1892, 
W.  Welch  ^  drew  attention  to  the  frequency  with  which  micro-organisms 
are  found  in  aseptic  wounds,  and  Dudgeon  and  Sargent  ^  have  made  a 
number  of  observations  which  demonstrate  the  same  fact.  .Thus  in  a 
series  of  forty-five  cases  culture  tubes  inoculated  from  a  platinum  loop 
drawn  over  the  surface  of  an  *  aseptic '  operation  wound,  immediately 
before  its  closure,  remained  sterile  only  twenty-six  times;  yet  these 
wounds  without  exception  conformed  to  all  the  recognized  clinical 
criteria  of  healing  by  primary  union.  In  this  connexion  some  experi- 
ments made  by  Schenk  and  Lichtenstern  ^  are  of  interest.  Having 
included  threads  of  silk  in  a  number  of  abdominal  wounds,  they  with- 
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drew  them  at  various  intervals  and  examined  them  bacteriologically. 
Out  of  forty-three  cases  thirty-nine  healed  by  first  intention,  but  only 
seven  of  the  wounds  were  found  to  be  sterile,  the  Staphylococcus  albus 
being  the  predominant  organism.  Positive  results  were  most  frequently 
obtained  on  the  second  day,  whilst  a  larger  proportion  were  sterile  on 
subsequent  days.  If  organisms  were  still  present  after  the  fifth  day  the 
aseptic  healing  of  the  wound  was  interfered  with. 

It  is  obvious  that  to  base  the  results  of  operations  in  clean  cases  upon 
a  bacteriological  examination  and  to  call  every  wound  '  infected '  from 
which  micro-organisms  can  be  grown  would  give  a  very  erroneous  idea 
of  '  operative  results.'  *  Aseptic  *  is  in  fact  a  clinical  term  which  has 
no  place  in  the  bacteriologist's  vocabulary.  As  used  by  the  instrument- 
maker  it  merely  means  that  the  article  so  described  can  be  readily 
cleansed  and  rendered  aseptic. 

Disinfectant.  Any  agent  which  destroys  micro-organisms  is  a 
disinfectant.  It  is  not  sufficient  for  such  an  agent  merely  to  arrest  the 
growth  of  micro-organisms  in  order  to  come  under  this  heading;  it 
must  actually  destroy  them.  A  disinfectant  is,  therefore,  necessarily 
also  an  antiseptic,  but  an  antiseptic  is  not  necessarily  a  disinfectant. 
Thus  many  chemicals,  which  in  concentrated  form  are  disinfectant 
because  they  can  actually  destroy  micro-organisms,  are  often  used  in 
such  dilution  that  they  do  little  more  than  hinder  bacterial  growth;  in 
such  strengths  they  cease  to  be  disinfectant  and  become  merely  antiseptic. 

Sterilization.  The  process  of  destroying  all  living  organisms  in 
and  upon  a  given  object  is  called  sterilization,  and  any  object  so 
treated  should  be  sterile,  that  is  to  say,  it  should  be  able  to  pass  the 
most  severe  bacteriological  tests  which  can  be  devised.  It  will  thus  be  ' 
seen  that  aseptic  and  sterile  are  not  synonymous  terms.  A  sterile  object 
is  aseptic,  but  the  converse  is  not  necessarily  true. 

BACTERIOLOGY  OF  WOUND  INFECTIONS 

Whilst  there  are  many  micro-organisms  which  are  capable  of  produc- 
ing pus,  it  is  principally  the  pyogenic  cocci  which  are  concerned  when  a 
clean  operation  wound  suppurates,  and  of  these  the  streptococci  and  the 
staphylococcus  pyogenes  aureus  produce  the  most  virulent  infections.  In 
abdominal  surgery  the  peritoneum  and  the  parietal  wound  may  become 
infected  with,  in  addition  to  these  organisms,  the  bacillus  pyocyaneus  and 
members  of  the  proteus  and  colon  groups  of  bacilli.  When  infection 
with  the  last-named  groups  of  organisms  has  been  noted  the  tendency  has 
been  to  the  production  of  a  low  gangrenous  form  of  inflammation  rather 
than  the  type  of  suppuration  produced  by  the  pyogenic  cocci  and  others. 
Accidental  wounds,  and  even  on  rare  occasions  clean  operation  wounds, 
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may  be  attacked  by  erysipelas  and  certain  specific  bacteria,  notably  the 
tetanus  bacillus  and  the  bacillus  aerogenes  capsulatus.  In  some  cases  of 
infected  operation  wounds  more  than  one  variety  of  organism  may  be 
present.  None  of  the  common  pyogenic  bacteria  are  spore-forming,  and 
are  therefore  readily  destroyed  by  heat  and  chemical  disinfectants. 
Deductions  regarding  the  destructibility  of  bacteria  by  various  agencies, 
which  are  based  upon  laboratory  experiments,  must  be  received  by  the 
surgeon  with  considerable  caution.  To  take  as  an  example  mercuric 
chloride:  Streptococci  taken  frpm  a  culture  tube,  dried  on  a  platinum 
needle,  and  immersed  in  a  i  in  i  ,000  solution  of  mercuric  chloride  have 
been  killed  in  a  few  seconds;  but  in  the  presence  of  an  albuminous  fluid 
they  may  be  so  protected  by  the  coagulum  which  the  mercurial  solution 
precipitates,  as  to  endure  prolonged  immersion  in  it.  Thus,  a  minute 
coagulum  in  the  eye  of  a  needle  or  in  some  groove  in  an  instrument, 
may  be  a  source  of  infection  if  germicidal  chemicals  alone  are  relied 
upon  for  sterilization.  Even  boiling  water  may  fail  to  sterilize,  within 
a  reasonable  time,  a  complicated  and  dirty  instrument.  On  these 
grounds  simplicity  of  construction  of  instruments,  as  well  as  perfect 
cleanliness,  is  necessary  to  ensure  safety. 

In  all  cases  of  wound  infection  a  bacteriological  examination  ought 
to  be  made,  and  a  thorough  investigation  of  all  the  circumstances  should 
be  undertaken  in  order  that  the  infection  may  be  traced  to  its  source, 
and  possible  repetition  prevented. 

The  causes  of  suppuration  in  an  operation  wound  embrace  much 
more  than  the  mere  access  of  micro-organisms  to  it.  The  nature, 
virulence,  and  dose  of  the  infecting  agent,  and  the  resistance  of  the 
•  patient  are  all  factors  of  importance.  That  tissue-resistance  is  lowered 
by  such  conditions  as  the  toxaemia  present  in  diabetes  and  renal  disease 
is  too  well  known  to  need  enlarging  upon.  There  are  doubtless  many 
other  but  less  obvious  causes  of  increased  susceptibility  to  wound  infec- 
tion, whether  inherent  and  peculiar  to  individual  patients,  or  tempo- 
rary from  causes  less  well  understood. 

Besides  such  general  resistance  the  important  factor  of  local  tissue- 
resistance  comes  into  play.  Operative  damage  lowers  such  resistance, 
and  therefore  no  account  of  surgical  technique  would  be  complete  with- 
out pointing  out  its  importance.  Laceration  and  bruising  of  tissue  by 
clumsy  manipulation,  the  use  of  blunt  instruments,  rough  sponging  and 
handling,  irrigation  with  water  or  antiseptic  solutions,  and  the  tying  of 
sutures  so  tightly  as  to  cause  necrosis  are  all  factors  which  make  the 
tissues  more  vulnerable  to  microbic  infection.  Thus,  the  irrigation  of 
fresh  wounds  with  a  solution  of  corrosive  sublimate  as  weak  as  i  in 
10,000  is  followed  by  a  distinct  line  of  superficial  necrosis,  demonstrable 
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under  the  microscope  (Halsted).  Some  tissues  possess  a  greater 
resistance  than  others,  which  is  dependent  to  a  large  extent  upon  blood- 
supply;  the  difference  in  healing  power  between  the  skin  of  the  back  and 
the  skin  of  the  scalp  is  a  familiar  example. 

The  question  of  rapidity  of  operation  is  very  much  a  personal  one, 
but  it  cannot  be  altogether  ignored  in  discussing  the  causes  which  may 
contribute  to  suppuration.  Between  dramatic  performances  against  the 
clock  and  laborious  slowness  there  is  a  wide  gulf  fixed. 

Those  who  have  what  horsemen  call  *  hands''  can  naturally  operate 
with  greater  rapidity  than  those  who  possess  no  such  dexterity;  whilst 
one  surgeon  without  haste  or  carelessness  will  perform  a  simple  opera- 
tion in  ten  minutes,  another  will  consume  half  an  hour  over  an  exactly 
similar  case.  The  end-result  will  probably  be  much  the  same  in  either 
case,  but  from  the  point  of  view  of  uninterrupted  healing  the  more  rapid 
operator  will,  other  things  being  equal,  be  likely  to  attain  the  better 
results.  The  slower  operation  entails  more  manipulation  of  tissues, 
more  anaesthetic,  more  shock,  and  a  longer  exposure  of  the  wound. 
Whilst,  therefore,  there  is  a  greater  possibility  of  infection,  there  is  at 
the  same  time  a  lowering  of  tissue-resistance  both  general  and  local. 

SOURCES  OF  WOUND  INFECTION 

Whilst  some  of  the  possible  sources  of  wound  infection  are  undoubt- 
edly more  dangerous  than  others  the  only  safe  course  to  pursue  is  that 
which  permits  no  relaxation  of  vigilance  at  any  single  point.  In  the 
war  with  micro-organisms,  as  in  all  other  wars,  contempt  for  the  enemy 
may  spell  disaster.  The  following  possible  sources  whence  infection 
may  be  derived  will  be  discussed. 

(a)  Air-borne  infection.  Whilst  it  cannot  be  denied  that  air- 
borne organisms  are  capable  of  infecting  operation  wounds,  the  impor- 
tance of  this  source  of  infection  has  probably  been  exaggerated. 
Lister's  earliest  practical  antiseptic  methods  were  directed  chiefly 
against  air-borne  organisms,  and  the  carbolic  spray  bears  witness  to  the 
importance  which  at  that  time  was  attached  to  the  air  as  a  carrier  of 
infection.  There  can  be  little  doubt  that  in  those  days  the  presence  in 
hospitals  of  large  numbers  of  suppurating  wounds,  together  with  lack 
of  proper  ventilation,  rendered  air-borne  infection  a  more  serious 
danger  than  it  is  at  the  present  time. 

M.  H.  Gordon's  investigations  into  the  bacteriology  of  the  atmos- 
phere of  the  House  of  Commons,  published  in  1906,  are  of  great  interest 
in  this  connexion.  Amongst  many  other  noteworthy  observations  two 
conclusions  stand  out  prominently  as  bearing  upon  the  potential  infec- 
tivity  of  the  air  of  an  operating  theatre,  namely  that  ( i )  the  chief  par- 
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ticulate  pollution  was  derived  in  part  from  the  boots  and  in  part  from 
the  mouths  and  upper  respiratory  passages  of  members;  and  that  (2)  dur- 
ing debates  the  particulate  pollution  from  the  latter  source  was  greater 
than  from  material  brought  in  upon  the  boots.  Fliigge  and  others  have 
shown  that  in  speaking,  coughing,  and  sneezing  germ-laden  droplets 
may  be  expelled  and  may  be  carried  for  a  distance  of  several  feet. 

Such  experiments  show  that  the  air  can  become  impregnated  with 
micro-organisms  derived  from  the  mouth  and  upper  respiratory  pas- 
sages, and  also  with  micro-organisms  brought  in  upon  the  boots.  There 
is,  therefore,  good  reason  for  the  use  of  veils  or  masks,  and  foot-cover- 
ings, not  only  for  those  engaged  in  the  operation  but  for  spectators  also. 

Further  experiments  by  Gordon  upon  contamination  of  the  air  with 
particulate  matter  derived  from  the  scalp  demonstrate  the  desirability 
of  providing  all  who  enter  an  operating  theatre  with  some  form  of  head 
covering.  It  is  particularly  important  to  cover  the  heads  of  those 
actually  engaged  in  the  operation  on  account  of  the  ease  with  which  dust 
and  scurf  are  dislodged,  especially  when  the  heads  of  those  leaning  over 
the  wound  come  into  contact  with  one  another. 

In  a  series  of  twenty-five  observations  made  by  exposing  Petri  dishes 
as  near  to  the  operative  field  as  was  practicable.  Dudgeon  found  in  every 
instance  enormous  numbers  of  colonies.  These  consisted  chiefly  of 
sarcinae  and  moulds,  and  in  only  one  instance  was  a  staphylococcus  albus 
found.  Masks  were  not  worn  during  the  operation  at  which  these  dishes 
were  exposed.  Monks  ^  relates  some  experiments,  made  by  exposing 
Petri  dishes,  to  determine  the  potential  infectivity  of  the  air  in  the 
theatre  of  the  Boston  City  Hospital  at  different  times  during  the  24 
hours.  The  conclusions  were  as  follows:  (i)  That  at  no  time  in  the 
24  hours  is  the  air  free  from  organisms;  (2)  that  more  bacteria  were 
found  after  the  air  had  been  stirred  up,  as  after  the  morning  cleaning. 
The  smallest  number  were  found  between  the  hours  of  midnight  and 
7  a.m.  (3)  The  vast  majority  of  the  organisms  found  were  harmless 
saprophytes,  though  on  some  plates  of  every  series  staphylococcus  albus 
and  aureus  were  found.  Streptococci  were  found  in  two  instances  only. 
(4)  There  was  no  great  difference  in  the  numlDer  of  colonies  obtained 
at  different  levels  excepting  on  those  plates  laid  upon  the  floor,  where 
the  number  of  colonies  was  much  in  excess  over  the  other  plates. 

The  conclusion  which  must  be  derived  from  the  foregoing  observa- 
tions is  that  although  there  may  be  little  evidence  of  the  presence  of 
pyogenic  organisms  in  the  air  of  an  operating  theatre,  yet  there  is  abun- 
dant proof  of  the  possibility  of  air-borne  infection  of  wounds,  and  full 
justification  for  the  adoption  of  such  measures  of  clothing  and  venti- 
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lation  as  are  capable  of  reducing  such  possibility  to  a  minimum.  This 
is  especially  important  in  such  hospitals  as  have  no  separate  organiza- 
tion, and  no  special  operation  theatre,  for  dealing  with  septic  cases. 

(6)  Infection  from  the  patient.  This  source  of  infection  is  well 
recognized;  but  it  is  possible,  and  even  probable,  that  it  is  a  more 
fruitful  source  than  is  commonly  supposed.  It  is  not  only  the  skin  of 
the  operation  area  that  must  be  considered,  for  the  infective  agent  may 
gain  access  to  the  wound  from  the  bowel  in  abdominal  operations,  and 
in  all  probability  it  may  be  transported  from  some  remote  part  of  the 
body  by  the  blood-stream  to  the  injured  area.  So  far  as  I  can  discover 
direct  proof  of  the  blood-borne  infection  of  operation  wounds  is  want- 
ing, but  if  a  subcutaneous  hsematoma  or  a  simple  fracture  can  suppurate 
it  can  scarcely  be  doubted  that  an  operation  wound  may  become 
infected  in  a  similar  manner.  The  possibility  of  such  haemic  infection 
is  at  least  tacitly  acknowledged  in  practice,  for  no  surgeon  would 
operate  upon  a  non-urgent  case  if  he  were  aware  of  the  existence  of  a 
focus  of  suppuration  anywhere  in  the  patient's  body. 

Again,  the  resistance  of  patients  to  infection  varies.  We  know  that 
many  aseptic  wounds  are  not  sterile,  and  it  is  only  reasonable  to  sup- 
pose that  a  minute  dose  of  an  attenuated  staphylococcus,  which  in  the 
majority  of  cases  would  be  dealt  with  by  the  tissues,  might,  in  a  patient 
of  feeble  resistance,  produce  suppuration. 

There  is  yet  another  possible  source  of  direct  infection  from  the 
patient,  which  applies  more  particularly  to  abdominal,  inguinal,  and  peri- 
neal operations  in  women.  Organisms  of  the  colon  and  proteus  groups, 
which  may  be  present  in  the  urine,  may  contaminate  the  skin  and  so 
infect  the  wound  in  spite  of  all  antiseptic  precautions.  Bacilluria  would, 
therefore,  contra-indicate  the  performance  of  any  non-urgent  operation. 

(c)  Infection  from  the  hands.  The  surgeon,  assistants,  and 
nurses  furnish  undoubtedly  the  chief  potential  source  of  wound  infec- 
tion. The  manner  in  which  they  may  contaminate  the  air  by  clothing, 
skin,  and  saliva  has  already  been  alluded  to. 

There  remains  what,  until  almost  the  universal  present-day  use  of 
rubber  gloves,  was  probably  the  chief  source,  namely,  the  surgeon's 
hands.  Innumerable  methods  have  been  devised  for  the  disinfection  of 
the  hands,  most  of  which  are  good  but  none  of  which  can  be  regarded 
as  completely  satisfactory.  Many  of  the  tests  of  sterility  are  fallacious, 
such  as  inoculating  culture  tubes  with  snippings  or  scrapings  from  the 
nails  and  skin.  It  is  almost  impossible  to  prevent  the  introduction  into 
the  culture  tube  of  minute  quantities  of  the  chemical  antiseptics  used 
in  the  disinfection  of  the  hands,  and  even  a  trace  of  such  chemicals  may 
prevent  the  growth  of  organisms.    It  is  possible,  too,  that  a  hand  which 
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was  at  least  approximately  aseptic  at  the  commencement  of  an  opera- 
tion m^y,  after  a  few  minutes  of  sweating,  be  highly  dangerous  if 
brought  into  contact  with  the  tissues. 

Some  recent  experiments  recorded  by  Hunter  Robb*  illustrate  the 
difficulty  of  determining  sterility  in  objects  treated  with  chemical 
germicides.  Scrapings  from  skin  disinfected  by  a  strict  iodine  method 
were  subjected  to  cultural  tests  both  before  and  after  removal  of  the 
iodine  by  the  use  of  a  lojl^  solution  of  potassium  iodide.  Where  iodine 
was  still  present  upon  the  skin  the  culture  tubes  remained  sterile  in 
86jif ;  after  removal  of  the  iodine  the  percentage  of  sterile  cases  fell  to  57. 

(rf)  Infection  from  materials.  All  instruments,  swabs,  lotions, 
and  ligatures  used  during  an  operation  are  potential  sources  of  infec- 
tion. Even  if  sterile  to  begin  with,  they  may  become  infected  during 
use,  particularly  by  contact  with  the  skin  of  the  patient  or  tlie  hand  of  an 
operator  or  assistant. 

MEANS  OF  PREVENTING  WOUND  INFECTION 

(a)  From  the  air.  In  the  best-equipped  theatres  some  means  of 
mechanical  ventilation  with  washed  or  filtered  air  are  employed.  Of 
the  *  Plenum '  system,  as  used  at  St.  Thomas's  Hospital,  the  following 
is  a  brief  official  description : 

An  equable  temperature  is  obtained  without  the  presence  in  the 
theatres  of  complicated  hot-water  coils,  and  the  absence  of  these  means 
greater  ease  in  maintaining  the  scrupulous  cleanliness  which  is  essential 
in  a  modern  operating  theatre ;  for  not  only  is  the  air  free  from  fog  and 
dust,  but  there  are  fewer  crevices  where  dirt  may  lodge  than  in 
theatres  heated  by  water  coils.  The  essential  feature  of  the  Plenum 
system  is  that  air  adequately  warmed  and  deprived  of  its  grosser 
impurities,  such  as  soot  and  fog,  is  forced  by  means  of  a  rotary  fan  into 
the  rooms,  from  which  it  can  only  escape  by  a  system  of  ducts  which 
lead  to  the  open  air.  The  pure  air  inlets  are  at  some  distance  from  the 
floor,  the  air  in  emerging  from  them  being  given  an  upward  direction, 
while  the  extract  ducts  are  near  the  floor;  the  air  must  therefore  pursue 
a  downward  course  in  passing  out  of  the  rooms.  The  inlet  and  outlet 
ducts  are  so  placed  in  the  theatre  that  the  general  trend  of  the  air  is 
from  the  patient  toward  the  spectators. 

There  is  no  attempt  at  extraction,  but  since  there  is  a  slight  plus 
pressure  in  all  the  rooms  and  the  air  will  naturally  find  its  way  to  the 
open  by  the  outlet  ducts,  there  is  no  fear  that  foul  or  foggy  air  will  be 
drawn  in  through  cracks  or  doors,  for,  even  if  a  door  is  opened,  the 
pure  air  will  rush  out  but  no  unfiltered  air  will  gain  admission. 

The  rooms  containing  the  cleaning,   warming,   and  air-propelling 
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apparatus  are  situated  on  the  floor  above  the  theatres.  The  air  first 
passes  over  a  series  of  steam  pipes,  next  through  a  double  screen  formed 
of  coco-nut  fibre  continually  kept  moist  by  running  water,  thence  over 
the  principal  heating  pipes,  till  it  reaches  the  fan. 

The  steam  pipes  will  of  course  be  used  only  in  cold  weather,  while  in 
summer  the  wet  screen  will  somewhat  cool  the  air  which  will  have  arrived 
at  the  fan  freed  from  its  grosser  impurities  and  of  a  desired  temperature. 

Whilst  this  system  prevents  the  entrance  of  a  great  deal  of  dust  and 
dirt,  it  does  little  to  minimize  the  possibility  of  aerial  contamination 
from  dust  brought  in  by  those  employed  in  the  theatre  and  by  visitors. 
The  use  of  foot-coverings,  overalls,  caps,  and  veils  reduces  the  possi- 
bility of  such  contamination  to  a  minimum.  Spectators  ought  to  be 
provided  with  such  clothing,  or  else  they  should  be  excluded  from  the 
operation  area  by  glass  screens.  The  distance  to  which  droplets  of 
saliva  can  be  projected  points  out  that  a  coughing  visitor  in  the  audi- 
torium may  be  as  dangerous  as  an  unmasked  talkative  operator. 

(6)  The  prevention  of  infection  from  the  patient's  skin  demands 
not  only  the  disinfection  of  the  skin  before  operation,  but  also  the 
exclusion  of  the  skin  from  contact  with  hands,  instruments,  and  ligatures 
during  the  operation.  Sterilization  of  the  skin  is  probably  impossible, 
but  the  number  of  micro-organisms  can  be  reduced  to  a  minimum  and 
rendered  innocuous  by  appropriate  means.  Whenever  it  is  practicable 
the  shaving  and  preliminary  cleansing  should  be  carried  out  on  the  day 
preceding  the  operation,  in  order  to  allow  of  the  thorough  drying  of  the 
skin  which  is  essential  for  the  success  of  the  alcohol  methods  of  prepara- 
tion. Shaving  of  the  skin,  not  only  at  the  actual  site  of  the  incision,  but 
also  for  a  wide  surrounding  area,  is  necessary  for  almost  every  part  of 
the  adult  body.  For  example,  before  an  operation  for  varicose  veins  the* 
whole  lower  limb  ought  to  be  shaved,  not  merely  the  parts  around  tlie 
proposed  incisions.  This  process  removes  not  only  hair  but  also  a  good 
deal  of  surface  epithelium  and  debris.  The  shaving  is  followed  by 
thorough  washing  with  ether-soap  and  hot  water,  after  which  the  skin  is 
allowed  to  dry,  and  the  drying  may  be  assisted  by  washing  with  alcohol 
or  ether.  In  many  cases  it  is  possible  and  desirable  for  the  patient  to  have 
a  hot  bath  on  the  evening  before  the  operation.  The  further  preparation 
of  the  skin  which  more  immediately  precedes  the  operation  may  con- 
veniently be  spoken  of  as  either  wet  or  dry.  When  the  zvet  method  is 
used  a  compress  of  lint  wrung  out  of  some  antiseptic  solution  is  bandaged 
on  and  removed  only  immediately  before  the  operation.  In  my  opinion 
this  cannot  be  too  strongly  condemned,  for  the  sodden  skin  easily  parts 
with  its  surface  epithelium  which  can  then  scarcely  be  kept  from  con- 
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taminating  the  hands,  the  instruments,  or  the  wound  itself.  The  dry 
method  consists  in  painting  the  previously  cleansed  and  dry  skin  with 
concentrated  alcohol,  in  which  may  be  dissolved  some  chemical  substance 
such  as  corrosive  sublimate,  picric  acid,  or  iodine.  Of  these  the  last 
named  is  the  most  popular  at  the  present  time,  and  gives  highly  satis- 
factory results.  It  is  most  commonly  employed  as  a  solution  of  2^ 
iodine  in  rectified  spirit,  which  is  found  to  cause  no  unpleasant  effects, 
such  as  blistering,  even  with  delicate  skin.  Sometimes  iodine  vapour  is 
given  off  and  causes  unpleasant  irritation  of  the  surgeon's  eyes  and  nose, 
but  this  can  be  largely  prevented  by  the  addition  of  potassium  iodide 
{2^).  The  same  irritative  effects  are  noticed  when  methylated  spirit 
is  employed  in  place  of  rectified  spirit.  This  solution  is  usually  painted 
on  to  the  skin  an  hour  or  more  before,  and  again  immediately  before, 
the  operation.  As  already  pointed  out,  it  is  essential  for  the  success  of 
the  iodine-spirit  method  that  the  previously  cleansed  skin  should  have 
had  ample  time  in  which  to  become  perfectly  dry.  In  urgent  cases,  there- 
fore, the  shaving  is  done  dry,  and  the  preliminary  washing  is  omitted. 
Grossich  showed,  by  sections  of  skin  so  prepared  that  preliminary  wash- 
ing with  soap  and  water,  whilst  not  materially  lessening  the  number  of 
micro-organisms,  diminishes  the  penetrating  power  of  the  iodine  solution. 
Leedham  Green's  experiments  indicate  that  an  alcoholic  solution  of  mer- 
curic chloride  ( i  in  1,000  in  yo^  alcohol)  penetrates  the  skin  as  deeply  as 
the  iodine  solution.  He  holds  that  the  percentage  of  alcohol  is  the 
determining  factor  and  concludes  that  70^  represents  the  optimum 
strength.  This  observer  further  considers  that  the  antiseptic  effect  of 
such  alcoholic  solutions  depends  as  much,  if  not  more,  upon  their  harden- 
ing action  as  upon  their  bactericidal  properties.  It  has  been  suggested, 
.moreover,  that  the  hypersemia  of  the  skin  and  subjacent  tissue  produced 
by  the  irritation  of  an  alcoholic  solution  of  iodine  may  be  an  important 
factor  in  raising  the  local  resistance  against  accidental  contamination 
with  micro-organisms.  A  further  advantage  in  the  use  of  iodine  solu- 
tion lies  in  the  fact  that  its  colour  indicates  the  extent  of  the  area 
prepared,  so  that  even  in  case  of  emergency  the  operator  would  be 
unlikely  inadvertently  to  encroach  upon  unprepared  skin.  The  greatest 
drawback  to  its  use  is,  I  think,  that  it  is  apt  to  engender  habits  of 
uncleanliness  and  slovenliness  in  dressers  and  nurses;  it  should  sup- 
plement rather  than  replace  ordinary  methods  of  cleansing. 

During  the  operation  the  skin  should  be  excluded  from  the  operation 
area  by  being  covered  with  towels  or  gauze  sheets  which,  as  soon  as  the 
preliminary  incision  has  been  made,  are  turned  over  and  clamped  with 
special  forceps  to  the  edges  of  the  skin.  All  contact  with  the  skin  can 
thus  be  avoided  until  the  time  arrives  for  closing  the  wound. 
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(c)  The  hands  of  the  operator  and  assistants  require  the  greatest 
care.  Proper  attention,  especially  to  the  nails,  at  all  times  is  essential 
in  order  to  keep  the  hands  smooth  and  clean.  Septic  material  should 
never  be  touched  with  the  bare  hand,  nor  should  rectal  or  other  septic 
examinations  ever  be  conducted  without  the  protection  of  rubber  gloves 
or  finger  stalls.  The  use  of  strong  antiseptic  solutions  renders  the  skin 
rough  and  difficult  to  cleanse  properly,  but  in  this  respect  some  skins  are 
more  vulnerable  than  others.  Of  the  many  different  rituals  for  ren- 
dering the  hands  aseptic,  none  has  been  shown  to  excel  that  of  thorough 
washing  with  ether-soap  under  a  stream  of  hot  water,  especially  when 
this  ablution  is  followed  by  rubbing  with  methylated  spirit. 

However  well  it  may  have  been  cleansed,  the  bare  hand  can  never 
be  regarded  as  sterile,  and  should  therefore  never  be  brought  into  con- 
tact with  the  wound,  or  with  ligatures.  The  use  of  rubber  gloves, 
sterilized  by  boiling  or  by  dry  heat,  is  now  almost  universal;  but  those 
who  do  not  employ  them  claim  equal  safety  by  the  rigid  avoidance  of 
touching  the  wound  with  the  fingers  or  any  part  of  an  instrument  or 
ligature  which  will  come  into  contact  with  the  wound. 

In  order  that  rubber  gloves  may  be  safe,  they  must  be  free  from 
holes,  otherwise  there  is  a  danger  of  contaminating  the  wound  with 
sweat  forced  through  such  openings  by  the  movements  of  the  hand. 
For  the  same  reason  the  gauntlet  should  fit  the  wrist  closely,  otherwise 
germ-laden  sweat  may  escape  and  drip  into  the  wound  or  on  to  the 
towels.  This  danger  is  often  mentioned  by  those  who  are  opposed  to 
the  use  of  gloves,  but  it  is  one  which  has  possibly  been  overrated.  Some 
years  ago  C.  Harrington  ^  made  a  few  experiments  concerning  the 
infectivity  of  sweat.  Well  cleaned  and  so  far  as  is  possible  sterilized 
forearms  and  hands  were  encased  in  sterile  glass  cylinders  heated  by 
appropriate  means;  in  no  single  instance  could  a  bacterial  growth  be 
obtained  from  the  sweat  so  produced.  Moreover,  injections  of  this 
sweat  into  animals,  whether  subcutaneously,  intravenously,  or  intra- 
peritoneally,  were  quite  devoid  of  result3. 

It  should  be  unnecessary  to  add  that  the  glove  should  not  be  regarded 
as  a  substitute  for  cleanliness  of  the  hands,  which  should  be  prepared 
with  the  same  scrupulous  care  as  if  gloves  were  not  to  be  worn.  Per- 
haps the  greatest  use  of  the  rubber  glove  in  aseptic  work  is  its  systematic 
employment  in  septic  cases;  hands  thus  shielded  from  contamination  are 
more  easily  rendered  aseptic  when  the  time  comes  for  dealing  with 
clean  cases.  The  argument  against  the  use  of  gloves  that  they  interfere 
with  sensitiveness  and  delicacy  of  touch  has  not  survived  the  test  of 
experience.    It  is  purely  a  matter  of  practice,  for  those  who  habitually 

*  Trans,  Amer.  Med,  Assoc,  xxii. 
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wear  gloves  for  all  cases  feel  as  strange  without  them  as  the  unprac- 
tised surgeon  would  feel  when  using  them  for  the  first  time. 

The  forearms  must  be  cleansed  with  the  same  care  as  the  hands, 
for  they  may  at  any  time  be  accidentally  brought  into  contact  with 
sterile  objects.  Some  surgeons  prefer  to  have  the  forearms  covered, 
and  for  this  reason  use  overalls  with  long  sleeves,  the  wristlets  of  which 
can  be  tucked  inside  the  glove  gauntlet ;  others  use  separate  sleeves  made 
of  stockingette. 

(d)  In  speaking  of  the  foregoing  sources  of  infection,  namely  the 
air,  skin,  and  hands,  only  the  terms  clean  and  aseptic  could  rightly  be 
employed.  When  instruments,  dressings,  and  ligatures  are  being  con- 
sidered the  term  sterile  must  be  used,  for  all  these  can  and  ought  to  be 
rendered  sterile  and  capable  of  passing  the  most  rigorous  bacteriological 
tests.  Nothing,  therefore,  which  cannot  be  sterilized  easily  and  cer- 
tainly should  be  employed,  and  for  this  reason  marine  sponges,  amongst 
other  materials,  have  been  abandoned  by  all  but  a  very  small  minority 
of  surgeons. 

Instruments.  Sterilization  by  superheated  steam,  and  even  by 
dry  heat,  is  occasionally  employed,  but  sterilization  by  boiling  water  is 
the  plan  most  commonly  adopted,  and  provided  that  an  instrument  is 
perfectly  clean  and  so  constructed  that  the  boiling  water  can  come  into 
contact  with  every  part  of  it,  this  is  a  perfectly  reliable  method. 
Spencer  Wells  artery  forceps  and  other  instruments  with  corrugated 
jaws  require  special  attention,  and  should  always  be  undamped  before 
being  boiled,  otherwise  any  chance  organisms  enclosed  within  the  jaws 
may  escape  destruction.  Five  minutes'  boiling  amply  suffices  for  the 
destruction  of  all  non-spore-bearing  organisms.  Cutting  instruments 
are  liable  to  be  blunted  by  boiling,  so  that  it  is  the  practice  of  many 
surgeons  to  trust  to  their  immersion  in  pure  carbolic  acid  or  even 
alcohol.  For  this  method  to  be  safe  it  is  essential  that  the  instrument 
to  be  so  disinfected  should  be  perfectly  smooth  and  clean,  so  that  the 
solution  can  come  into  actual  contact  with  every  part  of  it. 

Certain  instruments,  such  as  the  cystoscope,  which  cannot  be  boiled 
without  damage  may  be  sterilized  by  formalin  vapour  in  special  appa- 
ratus. Such  an  apparatus  comprises  a  glass  container,  which  is  fitted 
with  a  nickel-plated  cover  and  a  perforated  metal  plate,  for  holding 
either  catheters  or  cystoscope;  a  nickel-plated  metal  stand;  a  glass 
chamber  for  the  development  of  formaldehyde  gas  which  is  generated 
by  placing  a  vial  of  *  Autan '  powder  in  the  vessel  and  adding  8  c.c.  of 
water  (Allen  and  Hanburys). 

Drei^ingSy  swabs,  towels,  and  overalls  are  usually  sterilized  by 
superheated  steam  in  an  autoclave.    The  method  in  use  at  St.  Thomas's 
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Hospital,  which  may  be  taken  as  typical  of  the  methods  commonly 
applied  at  the  present  day,  is  as  follows:  The  materials  are  packed  in 
cylindrical  tins,  the  lids  of  which  are  large  enough  to  fit  loosely  over 
their  open  ends.  It  is  of  the  utmost  importance  that  the  contents  should 
not  be  packed  tightly,  lest  the  penetration  of  the  steam  to  every  part 
should  be  impeded.  The  open  tins,  each  standing  upon  its  own  lid,  are 
placed  in  a  Manlove  and  Alliott  steam  sterilizer  which  has  previously 
been  heated  to  prevent  condensation.  These  tins  are  mainly  used  for 
dressings  and  swabs.  Larger  square  tins  with  hinged  lids  are  employed 
for  towels  and  overalls.  The  actual  process  of  sterilization  comprises 
first  the  production  of  a  vacuum,  which  is  maintained  for  ten  minutes. 
This  encourages  the  penetration  of  the  steam,  which  is  next  admitted 
under  pressure  for  twenty  minutes,  and  at  the  end  of  this  time  the 
vacuum  is  again  created  for  the  purpose  of  drying  the  sterilized  mate- 
rials. The  pressure  used  is  between  15  and  20  lbs.  The  average  tem- 
perature attained  is  therefore  about  255°  F. 

When  the  process  has  been  completed  the  attendant  opens  the 
sterilizer  and  at  once  puts  on  the  overall  and  rubber  gloves  which  have 
previously  been  placed  therein  for  this  purpose.  He  then  takes  out  a 
tin,  places  it  upon  a  carbolized  table,  and  puts  on  the  lid. 

From  time  to  time,  and  without  previous  notice  having  been  given, 
a  tin  is  sent  to  the  pathological  laboratory  for  bacteriological  examina- 
tion, and  the  results  have  been  found  to  be  uniformly  satisfactory.  The 
texture  of  the  dressings  is  not  found  to  be  undesirably  altered  by  the 
sterilizing  process  described  above,  whilst  the  towels  and  overalls  last 
as  long  as  can  reasonably  be  expected. 

Ligature  and  suture  materials.  It  is  customary  to  speak  of  these 
materials  as  absorbable  and  non-absorbable,  the  former  class  including 
catgut,  kangaroo  tendon,  and  other  animal  substances;  and  the  latter 
silk,  linen  thread,  celluloid  thread,  and  silkworm-gut.  To  some  extent 
absorbable  and  non-absorbable  are  but  relative  terms,  for  whilst  there 
is  some  evidence  to  show  that  fine  silk  may  ultimately  be  absorbed,  it 
is  also  certain  that  the  coarser  sizes  of  chemically  hardened  catgut  may 
resist  absorption  for  many  months.  The  great  difference  between  silk 
and  catgut  is  that  the  former  can  be  rendered  sterile  with  absolute  cer- 
tainty by  boiling,  whereas  catgut  cannot  be  so  sterilized  without 
damage.  A  few  cases  of-  post-operative*  tetanus  have  been  ascribed 
to  its  use,  but  improved  methods  of  sterilization  have  removed 
this  objection,  and  now  it  is  in  very  general  use. 

In  open  wounds  treated  by  Dakin's  solution  the  possibility 
of  rapid  absorption  should  be  borne  in  mind  and  the  heavier 
varieties    used.      This   also   applies   to    silk   and    all   animal    sutures. 
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Secondary  haemorrhage  has  occurred  a  number  of  times  from  this  early 
absorption. 

Linen  thread  saturated  with  paraffin  in  the  form  of  Pagenstecher's 
linen  is  popular  as  a  skin  suture. 

In  septic  cases  its  advantages  are  more  obvious,  for  in  such  silk  is 
liable  to  give  rise  to  persistent  sinuses. 

The  term  irritating  as  applied  to  a  buried  suture  of  silk  or  silkworm- 
gut  is  a  misnomer.  Such  sutures  are  *  irritating  *  only  when  they  are 
septic  or  when,  owing  to  impregnation  with  strong  antiseptics,  they 
cause  necrosis  of  the  surrounding  tissue.  However  prepared,  a  suture 
which  is  sterile  to  begin  with,  may  become  septic  by  the  time  it  is  buried 
from  careless  handling,  from  contact  with  skin  or  from  some  other  sur- 
gically unclean  source. 

Silk  is  prepared  in  the  following  manner.  It  is  first  disposed  in 
loosely  arranged  skeins,  and  boiled  for  ten  minutes  on  three  successive 
days.  It  may  conveniently  be  stained  with  some  aniline  dye,  such  as 
methyl  violet,  to  make  it  more  easily  visible.  It  is  then  wound  loosely 
upon  glass  reels  or  slats,  boiled  again,  and  preserved  in  i  in  20  carbolic; 
if  undyed  it  may  be  preserved  in  alcohol.  It  should  be  boiled  or 
immersed  in  sterilized  saline  immediately  before  use  in  order  to  remove 
the  chemical. 

Numerous  methods  are  employed  in  the  preparation  of  catgut.  Raw 
catgut  must  be  washed  in  ether  to  remove  the  grease,  after  which  it  has  to 
be  hardened  in  order  to  ensure  its  not  being  absorbed  too  soon,  and  finally 
it  must  be  sterilized.  It  is  difficult  to  be  at  all  sure  how  long  any  given 
specimen  will  resist  absorption.  Bichromate  of  potash  is  the  agent  most 
commonly  employed  for  the  hardening  process,  a  solution  of  from  i  in 
1,000  to  I  in  100  being  used  according  to  the  degree  of  hardening  desired. 
In  this  solution  the  gut  is  immersed  for  about  an  hour.  The  sterilization 
is  afterwards  effected  either  by  immersion  in  spirit-iodine  or  pure  carbolic 
acid  or  by  boiling  in  alcohol  or  xylol  under  pressure.  Satisfactory  results 
may  be  obtained  by  a  large  number  of  different  methods.  It  must  be 
remembered  that  the  finer  the  gut  the  more  certainly  it  can  be  sterilized. 

The  place  of  chemicals  in  surgery.  It  is  now  so  generally 
conceded  that  chemical  antiseptics  must  not  be  brought  into  contact  with 
living  tissue  that  it  would  appear  superfluous  to  discuss  this  aspect  of 
the  subject.  Chemicals  destroy  cell  protoplasm  more  easily  than  they 
can  kill  micro-organisms,  whilst  the  living  cells  and  body  fluids  of  a 
fresh  clean  wound  are  germicidal,  and  are  capable  of  dealing  with  such 
small  numbers  of  micro-organisms  as  may  elude  even  the  most  rigid 
antiseptic  precautions.  Lockwood  states  that  biniodide  of  mercury  is 
less  open  to  the  objection  of  damaging  the  tissues  than  corrosive  sub- 
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limate  or  carbolic  acid;  that  i  in  4,000  biniodide  lotion  merely  swells 
the  red  cells  and  does  not  crenate  them  like  6^  saline;  and,  further,  that 
even  by  microscopical  examination  he  was  unable  to  tell  the  difference 
between  portions  of  muscle  and  fat  taken  from  a  wound  before  and 
after  irrigation  with  this  lotion.  If  this  is  so  it  is  difficult  to  under- 
stand what  antiseptic  value  the  lotion  can  possess. 

Bacteriological  considerations  therefore  combine  with  practical  expe- 
rience in  condemning  the  irrigation  of  clean  wounds  with  chemical 
antiseptics.  The  same  considerations  apply  also  to  the  use  of  sterilized 
water,  which  exerts  a  destructive  action  upon  living  cells  through  the 
osmotic  processes  set  up.  Sterilized  physiological  salt  solution  is  free 
from  these  disadvantages,  and  is  therefore  the  only  fluid  which  should 
be  brought  into  contact  with  clean  wounds.  All  irrigation  is  open  to 
the  objection  that  protective  fluids  are  washed  away,  and  it  should 
be  employed  only  when  there  is  some  special  object  to  attain,  such  as 
haemostasis  cr  the  washing  away  of  blood  in  situations  where  sponging 
cannot  be  employed,  as  in  cerebral  and  spinal  operations. 

Briefly,  chemical  antiseptics  find  their  proper  place  in  modern  sur- 
gical technique  to  be  limited  to  the  following  uses:  (a)  As  disinfectants 
for  the  sterilization  of  such  articles  as,  from  their  nature  or  construc- 
tion, cannot  be  submitted  to  the  more  certain  process  of  sterilization  by 
heat;  (b)  as  antiseptics  incorporated  in  dressings  for  the  reception  of 
exudate  from  aseptic  wounds  when  it  has  been  thought  desirable  to  pro- 
vide drainage,  or  when  leakage  is  expected.  Such  dressings  are  wholly 
unnecessary  for  aseptic  wounds  which  have  been  completely  closed; 
(c)  in  the  preparation  of  skin  and  mucous  membranes  preliminary  to 
operation;  (d)  in  the  treatment  of  infected  wounds. 

Drainage.  With  improvements  in  technique  the  necessity  for 
drainage  in  aseptic  wounds  has  practically  disappeared.  Many  sur- 
geons, however,  think  it  desirable  to  provide  an  exit  for  the  albuminous 
fluids  which  are  apt  to  accumulate  in  a  large  *  dead  space,'  such  as  that 
resulting  from  an  extensive  mammary  extirpation.  The  principle  upon 
which  drainage  is  so  employed  rests  upon  the  possibility  of  any 
organisms  which  may  be  present  being  able  so  to  thrive  upon  the  dead 
material  as  to  become  too  numerous  or  powerful  for  the  living  tissue 
around  to  cope  with  successfully.  It  may  be  added  that  such  exudation 
is  more  abundant  after  irrigation  of  a  wound  with  even  weak  anti- 
septics; it  is  also  more  abundant  in  the  case  of  a  limb  the  tissues  of 
which  have  been  temporarily  rendered  bloodless  by  means  of  a  tourni- 
quet. *  Dead  spaces  \  however,  can  usually  be  obliterated  by  deep 
suturing  or  by  properly  applied  dressings,  so  as  to  render  drainage  even 
on  these  grounds  rarely  necessary. 
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The  use  of  a  drainage  tube  invites  subsequent  infection  along  its 
track.  The  drainage  of  a  psoas  abscess,  for  instance,  is  almost  inevi- 
tably sooner  or  later  followed  by  pyococcal  infection  of  the  cavity.  Even 
in  cases  where  drainage  is  thought  desirable  from  the  point  of  view  of 
preventing  accumulation  in  a  '  dead  space,'  the  employment  of  a  glass 
tube  for  24  to  48  hours  is  all  that  is  necessary,  and  such  a  tube  is  best 
inserted  between  two  stitches  in  such  a  manner  that  on  its  withdrawal 
the  lips  of  the  wound  come  naturally  together.  If  done  in  this  way  the 
chances  of  subsequent  infection  from  without  are  reduced  to  a  minimum. 

The  drainage  of  infected  wounds  is  a  different  matter.  Whilst  tubes, 
usually  of  rubber,  are  most  commonly  employed,  the  use  of  strips  of 
gauze  is  often  favoured.  A  piece  of  thin  sheet  rubber  wrapped  round 
the  gauze  strip  (the  cigarette  drain  of  Mikulicz)  facilitates  its  removal. 
With  all  forms,  but  particularly  with  gauze,  great  care  is  necessary  lest 
the  drain  defeats  its  own  object  by  preventing  the  escape  of  discharge. 

Gauze  may  be  employed  in  the  treatment  of  septic  wounds  in  a 
different  manner.  The  whole  wound,  including  all  recesses  and  pockets, 
is  packed  with  gauze,  which  is  therefore  everywhere  in  contact  with  its 
walls.  Provided  that  the  temperature  does  not  rise,  and  the  wound  is 
not  painful,  such  a  packing  can  be  left  in  for  two  or  three  days,  w^hen 
it  can  be  removed  without  pain  and  the  cavity  will  have  become  lined 
throughout  with  granulations. 

THE  REQUIREMENTS  OF  AN  OPERATING  THEATRE 

Design.  In  a  hospital  it  is  desirable  that  each  surgeon  should  have 
his  own  theatre,  which  should  be  in  close  proximity  to  his  wards.  The 
theatre  block  should  contain  certain  rooms  opening  out  of  or  communi- 
cating with  the  operating  room,  some  of  which  are  indispensable  whilst 
the  others  are  eminently  desirable.  These  accessory  rooms  comprise: 
( I )  A  dressing  room  for  the  surgeon  and  assistants,  where  preliminary 
washing  should  be  performed,  and  the  sterilized  garments  put  on.  A 
similar  room  is  necessary  for  the  nurses.  (2)  An  anaesthetising  room, 
which  should  contain  all  the  anaesthetist's  apparatus.  It  is  desirable  that 
the  patient  should,  whenever  practicable,  be  placed  in  position  for  the 
operation  in  this  room,  and  that  the  blankets  and  macintoshes  should  be 
arranged  before  he  is  wheeled  into  the  theatre  so  as  to  avoid  contami- 
nating the  air  with  fluff  and  dust  from  blankets  and  clothing.  (3)  A 
recovery  room  in  which  the  patient  can  be  placed  after  leaving  the 
theatre  and  before  being  taken  back  to  the  ward.  (4)  A  sterilizing 
room  containing  the  large  autoclave,  and  perhaps  also  smaller  apparatus 
as  well  for  sterilizing  instruments  and  for  preparing  saline  solution. 

While  the  interests  of  asepsis  have  brought  about  the  wellnigh  uni- 
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versal  use  of  white  walls  and  floors,  often  of  tile,  many  operators  now 
prefer  that  the  lower  three-fourths  of  the  walls  and  the  floors  should  be 
of  some  darker  colour,  preferably  a  steel  grey,  so  that  the  brilliant  re- 
flection from  the  walls  will  be  less  tiring  to  the  eyes.  Sufficient  light 
is  secured  by  the  reflection  from  the  ceiling.  This  darkening  of  the 
walls,  which  may  be  carried  to  the  other  objects  in  the  room,  is  undoubt- 
edly of  great  benefit  reflexly  in  clarifying  the  minutiae  of  the  operative 
field.  The  ventilation  should  be  ample  and  there  should  be  means  avail- 
able for  preserving  an  equable  temperature. 

Heating.  The  regulation  of  the  heat  in  a  theatre  is  easily  carried 
out  when  some  system  of  artificial  ventilation  such  as  that  described  is 
employed.  When  such  is  not  the  case  steam-pipes  or  electric  radiators 
may  be  used,  but  they  have  the  disadvantages  of  taking  up  space  and 
furnishing  an  undesirable  addition  to  the  contents  of  the  theatre  which 
requires  to  be  kept  clean  and  dustless.  Electric  radiators  have  not  the 
same  heating  power  as  steam-pipes  but  they  have  the  advantage,  which 
steam-pipes  do  not  possess,  of  cooling  rapidly  when  the  supply  is  turned 
off.  Opinions  differ  as  to  the  temperature  at  which  the  atmosphere  of  an 
operating  room  should  be  maintained,  but  this  is  chiefly  when  the  sur- 
geon's personal  comfort  rather  than  the  patient's  welfare  is  taken  as  the 
criterion.  The  recognition  of  the  fact  that  maintenance  of  body  tempera- 
ture is  important  amongst  the  measures  to  be  adopted  for  prevention  of 
shock,  points  to  the  necessity  of  keeping  up  the  temperature  of  the 
theatre  to  a  point  which  some  operators  find  uncomfortable.  It  should 
not  be  allowed  to  fall  below  65°  F.  But  inasmuch  as  the  actual  tem- 
perature is  not  the  only  criterion  of  comfort,  proper  ventilation,  together 
with  measures  for  keeping  steam  out  of  the  theatre,  have  to  be  adopted. 

Lighting.  Daylight  is  usually  preferred  to  artificial  light,  and  the 
properly  designed  theatre  provides  for  both.  A  roof  light  facing 
north  may  be  supplemented  by  light  derived  from  the  sides  when  cir- 
cumstances permit.  But  the  greater  the  window  area,  the  more  difficult 
will  be  the  problem  of  maintaining  the  proper  temperature  of  the  room. 

Artificial  light  presents  difficulties  to  overcome  which  many  excel- 
lent devices  have  been  introduced.  It  need  hardly  be  said  that  electric 
light  is  the  only  form  which  need  be  discussed.  The  overhead  dispo- 
sition of  the  lights,  even  when  these  are  so  arranged  as  not  to  throw 
shadows,  is  not  ideal  because  of  the  danger  of  dust.  In  some  theatres 
light  is  thrown  upon  the  table  by  reflectors  so  placed  as  to  avoid  the 
production  of  shadows  from  the  surgeon  and  assistants  whatever  may 
be  their  position,  and  some  such  system  as  this  is  perhaps  the  best.  In 
addition  to  the  main  lighting  a  complete  installation  is  required  for  head- 
lamps, cystoscopes  and  so  on. 
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Spectators.  The  accommodation  of  students  and  other  spectators 
is  always  a  matter  of  difficulty,  and  one  which  has  yet  to  be  satisfac- 
torily solved.  Theoretically,  those  not  directly  engaged  should  either  be 
provided  with  complete  outfits  of  overalls,  caps,  veils,  and  boot  cover- 
ings, or  they  should  be  separated  by  a  glass  screen  from  the  main  body 
of  the  theatre.  In  either  case  it  is  difficult  for  more  than  a  few  to  see 
much  of  what  is  going  on. 

Fittings.  It  is  hardly  necessary  to  state  that  the  walls  and  floor  of 
the  theatre  should  be  of  material  which  is  non-absorbent  and  easily 
cleaned,  and  that  no  cornices  or  recesses  in  which  dust  might  lodge 
should  be  allowed.  All  shelves  and  sinks  should  be  fixed  sufficiently 
far  from  the  walls  to  allow  of  being  cleaned  on  all  sides.  To  permit  of 
easy  flushing,  the  floor  should  be  built  with  a  slight  inclination  towards 
an  open  channel  which  has  a  single  trap  where  it  passes  out  of  the 
theatre.  All  '  dusting '  must  be  done  with  damp  cloths.  Taps  should 
be  of  the  simplest  description.  Those  which  are  operated  by  elbow 
levers  or  pedals  are  generally^  in  my  experience,  useless.  The  some- 
what complicated  mechanism  of  the  latter  easily  gets  out  of  order, 
whilst  the  former  engender  a  false  sense  of  cleanliness  since  the  elbows, 
whether  bare  or  clothed,  should  be  as  clean  as  the  hands.  Complicated 
mechanisms  for  regulating  the  temperature  of  the  water  rarely  work  in 
practice.  The  simplest,  cheapest,  and  most  satisfactory  arrangement  is 
a  simple  Y-shaped  metal  tube  connecting  the  hot  and  cold  taps,  and 
arched  over  the  sink  sufficiently  high  to  allow  of  the  whole  forearm 
being  washed  under  a  stream  of  running  water,  the  force  and  tempera- 
ture of  which  can  be  easily  regulated  by  the  two  taps.  This  can  be  done 
before  washing,  and  a  nurse  can  be  told  off  to  turn  off  the  taps  when 
economy  of  water  has  to  be  considered.  Washing  should  always  be  done 
in  running  water  over  a  sink;  hand  basins  for  this  purpose  have  no 
place  in  a  properly  equipped  theatre.  Sterilizers  for  instruments  ought 
to  be  as  near  to  the  operation  area  as  is  practicable.  The  escape  of 
steam  into  the  air  of  the  theatre  can  be  prevented  by  having  the  sterilizer 
placed  beneath  a  cowl;  or  the  whole  process  can  be  carried  out  in  an 
adjoining  room,  and  the  sterilized  instruments  passed  into  the  theatre 
through  a  serving-hatch. 

Furniture.  The  best  form  of  operating  table  is  that  which  provides 
for  easy  adjustments  in  all  necessary  directions  with  the  simplest 
mechanism,  and  with  the  minimum  of  disturbance  to  the  patient.  It 
should  be  firm  and  rigid,  and  capable  of  being  raised  and  lowered  to 
suit  the  convenience  of  different  operators.  It  should  also  be  readily 
adjustable  for  special  positions  like  the  *  Trendelenburg  *  and  '  lithotomy  ' 
positions,  and  be  fitted  with  removable  special  parts  such  as  head-rests, 
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arm-rests,  and  so  on.  It  should  be  capable  of  being  easily  cleaned  in 
every  part.  The  heating  may  be  carried  out  by  hot  water  or  by  electric 
glow-lamps;  in  either  case  the  greatest  care  has  to  be  taken  to  prevent 
burning  the  patient. 

The  rest  of  the  furniture  should  be  of  the  simplest  possible  descrip- 
tion. Glass-topped  trolley-tables  are  commonly  used  for  placing  instru- 
ments and  other  apparatus  upon.  The  two-decked  table  is  a  source  of 
danger  to  be  guarded  against,  for  a  person  stooping  to  reach  the  lower 
shelf  may  touch  and  contaminate  articles  upon  the  upper  shelf.  Stools 
may  have  to  be  provided  for  anaesthetists,  and  for  those  surgeons  who 
prefer  to  be  seated  whilst  operating. 

ISOLATION  OF  SEPTIC  CASES 

It  has,  of  course,  long  been  recognized  that  erysipelas  and  pyaemia 
must  not  be  treated  in  a  general  surgical  ward.  In  an  ideal  hospital  all 
septic  cases  would  be  excluded  from  the  ward  in  which  clean  cases  are 
being  treated,  nor  would  any  septic  case  be  operated  upon  in  the  same 
theatre  as  the  clean  cases.  In  a  general  hospital  this  arrangement  is 
unfortunately  impracticable,  at  any  rate  in  its  entirety.  At  St.  Thomas's 
Hospital,  where  a  certain  number  of  beds  are  available  in  the  isolation 
block,  any  septic  cases  of  severe  type  which  may  arise  in  the  surgical 
wards  are  at  once  transferred.  Moreover,  no  cases  of  cellulitis,  acute 
abscess  (other  than  abdominal),  or  gangrene  are  admitted  to  the  general 
wards,  or  operated  upon  in  the  general  theatres;  they  are  dealt  with  in 
a  separate  theatre  in  the  isolation  ))lock  and  are  under  the  charge  of 
special  house  officers  and  nurses. 

ORGANIZATION 

Inferior  methods  efficiently  carried  out  may  give  better  results  than 
the  best  methods  carelessly  or  ignorantly  applied.  It  is  not  sufficient 
for  a  hospital  or  a  nursing  home  to  possess  the  latest  luxuries  in  design, 
construction,  and  furnishing  of  its  theatres.  The  intelligent  and  pains- 
taking co-operation  of  the  whole  theatre  staff  is  essential  if  the  best 
results  are  to  be  obtained.  The  surgeon  cannot  personally  superintend 
the  carrying  out  of  all  details,  although  he  may  have  given  the  most 
minute  instructions.  He  must  naturally,  however  energetic  and  precise 
himself,  always  be  to  some  extent  at  the  mercy  of  his  subordinates  and 
assistants,  though  naturally  the  best  organizer  and  disciplinarian  will  in 
the  long  run  obtain  the  best  work.  The  surgeon's  duty  does  not  begin 
and  end  with  playing  his  own  part  as  perfectly  as  he  can;  he  is  both 
actor  and  manager  in  his  theatre,  and  he  should  make  it  his  business  to 
be  thoroughly  acquainted  with  all  the  details  of  the  particular  technique 
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carried  out  in  his  theatre,  as  well  as  with  the  part  expected  to  be  played 
by  his  staff.  He  would,  if  possible,  select  his  assistants  and  nurses  him- 
self, and  see  that  they  have  the  necessary  knowledge  of  his  methods  as 
well  as  of  the  general  principles  of  aseptic  surgery.  Unfortunately  such 
an  ideal  arrangement  is  not  practicable  in  the  case  of  a  teaching  hospital. 
The  selection  of  house  surgeons  and  dressers  may  not  be  within  the  prov- 
ince of  the  surgeon  with  whom  they  have  to  work,  and  the  appointment 
of  sisters  and  nurses  is  usually  outside  his  sphere  also.  He  therefore  has 
to  work  periodically  with  new  scratch  teams,  and  changes  are  often  made 
just  as  the  team  is  beginning  to  work  together  efficiently.  Such  a 
handicap  is  inseparable  from  a  teaching  hospital;  it  has  to  be  recognized 
as  such,  and  special  precautions  have  to  be  taken  to  minimize  its  ill 
effects.  But  whilst  the  more  immediate  and  obvious  result  of  this  system 
is  to  increase  the  work  and  the  anxieties  of  the  surgeon,  and  probably 
also  to  produce  an  increase  in  the  number  of  cases  which  suppurate,  the 
larger  question  must  not  be  lost  sight  of,  namely,  that  a  constant  supply 
of  properly  trained  and  efficient  men  and  women  is  being  sent  out  into 
the  world.  Indeed,  the  surgeon's  duty  of  teaching  and  training  is 
second  only  to  the  duty  towards  the  patients  under  his  care. 

At  St.  Thomas's  the  house  surgeons  are  appointed  for  a  period  of 
six  months,  during  which  time  they  work  for  three  months  each  with 
two  surgeons.  Each  surgeon,  therefore,  has  a  new  man  every  three 
months;  the  alternate  changes  bring  him  an  untrained  man  and  a  man 
familiar*  with  the  methods  of  another  surgeon.  This  arrangement  is 
better  for  the  house  surgeon  than  for  his  chief,  but  on  the  whole  it 
works  very  well.  The  dressers  take  duty  for  six  months.  At  the  opera- 
tions the  house  surgeon  acts  as  chief  assistant,  and  the  dresser  in  charge 
of  the  case  is  the  second  assistant,  the  other  dressers  being  ready  to  assist 
as  required.  Each  pair  of  theatres  is  in  the  charge  of  a  sister  with  a 
staff  of  nurses  for  whose  training  she  is  responsible.  During  the  opera- 
tions one  nurse  is  told  off  to  fetch  and  carry,  to  attend  to  taps  and  so 
on,  whilst  the  sister  presides  at  the  instrument  table,  handing  instruments 
and  threading  needles.  The  ward  sister  hands  towels,  swabs,  and  dress- 
ings, by  means  of  a  sterilized  forceps,  direct  from  the  tins  as  required. 
The  arrangement  whereby  the  sister  attends  to  the  instruments  and 
threads  needles  has  some  advantages,  but  from  the  teaching  point  of 
view  it  is  better,  I  think,  to  let  a  dresser  take  this  work,  as  it  makes 
him  familiar  with  the  use  of  instruments  and  the  steps  of  the  operation. 

INFECTED  AND  ACCIDENTAL  WOUNDS 

The  treatment  of  wounds  which  are  not  aseptic  involves  the  employ- 
ment of  technical  methods  not  less  important  in  principle  or  in  detail  than 
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those  which  are  demanded  for  aseptic  operations.  Such  cases  may  con- 
veniently be  grouped  as  follows:  (i)  clean  wounds  which  fail  to 
heal  by  first  intention;  (2)  operations  upon  septic  cases;  (3)  accidental 

wounds. 

In  speaking  of  these  cases  it  cannot  be  emphasized  too  strongly  that 
the  fact  of  a  wound  being  already  infected  affords  no  excuse  for  slack- 
ness of  antiseptic  technique  in  a  single  particular;  the  presence  of 
infection,  on  the  contrary,  demands,  if  possible,  an  even  more  scrupulous 
attention  to  all  the  details  of  sterilization  and  cleanliness,  partly  from 
the  point  of  view  of  the  particular  case  concerned,  and  partly  for  the 
safety  of  other  cases  which  may  have  to  be  dealt  with  in  the  same  place 
and  by  the  same  staff.  Yet  it  appears  to  be  a  not  uncommon  belief  that, 
a  wound  being  already  septic,  less  care  is  required  as  a  few  additional 
organisms  more  or  less  will  make  no  difference.  No  more  erroneous  a 
supposition  can  be  conceived.  Other  and  different  organisms  introduced 
as  the  result  of  such  carelessness  into  a  wound  already  infected  may 
produce  disastrous  results ;  the  careless  handling  of  a  septic  wound  may 
be  followed  by  the  spread  of  infection  to  tissues  previously  uninvolved; 
erysipelas  may  follow  the  scraping  of  a  sinus;  and  even  specific  diseases 
may  be  superadded  to  pyococcal  infections. 

(i)  Post-operative  sepsis.  The  possible  sources  of  infection  have 
already  been  discussed.  When  a  wound  which  has  been  closed  without 
drainage  suppurates  the  organisms  will,  in  the  vast  majority  of  cases, 
have  been  introduced  during  the  operation.  The  possibility  of  infection 
being  brought  by  the  blood-stream  from  some  focus  at  a  distance  has 
been  already  discussed.  At  present  there  are  few  facts  to  indicate 
whether  this  is  at  all  a  common  occurrence.  It  is  highly  improbable  that 
a  clean  wound  ever  becomes  infected  from  without  after  complete 
closure,  and  the  use  of  voluminous  dressings  is  uncalled  for.  Indeed, 
dressings  may  often  be  dispensed  with  altogether,  and  with  perfect  safety. 
It  is  otherwise  with  clean  wounds  which  are  drained,  or  in  which 
the  skin  has  been  so  carelessly  sutured  that  exudate  escapes  between 
the  stitches.  Probably  such  wounds  can  become  infected  from  without, 
and  the  use  of  an  adequate  quantity  of  antiseptic  dressings  is  called  for. 

No  one  can  deny  that  suppuration  does  occasionally  occur  in  clean 
operation  wounds  in  spite  of  all  precautions  and  under  the  best  modern 
conditions  of  asepsis.  It  is  not  possible  to  state  the  percentage  with 
any  accuracy  for  many  and  obvious  reasons.  From  such  figures  as 
become  available  from  time  to  time  it  would  probably  be  fair  to  say 
that  the  incidence  of  suppuration  at  the  present  time  is  from  2  to  4^. 
U  any  corroborative  evidence  is  required  of  the  diminution  of  per- 
centage suppuration  in  recent  years,  it  would  be  fair  to  point  to  the 
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enormous  increase  in  the  number  of  patients  passing  through  the  sur- 
gical wards  of  a  general  hospital.  Naturally  there  must  be  many  factors 
contributing  to  this  increase,  but  not  the  least  important  is  the  diminu- 
tion of  sepsis  with  its  consequent  delays.  Whilst  a  case  of  radical  cure 
of  hernia  would  in  the  ordinary  course  occupy  a  bed  for  ten  or  fourteen 
days,  the  accident  of  suppuration  would  probably  necessitate  the  patient 
staying  in  hospital  for  four  weeks  or  even  longer. 

Wound  infection,  when  it  does  luifortunately  occur,  is  on  the  whole 
undoubtedly  of  a  milder  type  than  was  formerly  the  case.  The  con- 
sequences of  accidental  infection  are  rarely  very  serious,  and  usually 
entail  little  more  than  a  delay  in  healing  and  a  lowering  of  the  operator's 
self-esteem.  Needless  to  say,  whenever  an  operative  infection  occurs 
every  effort  should  be  made  to  trace  its  source  by  bacteriological  exam- 
ination of  the  pus  and  rigorous  investigation  into  the  whole  circum- 
stances of  the  operation.  Three  classes  of  septic  operation  wounds  may 
be  recognized,  namely,  those  of  a  mild  type,  those  of  a  severe  type,  and 
those  of  specific  infection. 

(a)  Infections  of  the  mild  type,  usually  due  to  some  pyogenic 
coccus  of  low  virulence,  become  manifest  some  two  or  three  days  after 
the  operation.  The  wound  becomes  painful,  red,  and  swollen,  and  the 
patient  suffers  from  a  mild  pyrexia.  The  removal  of  two  or  three 
stitches  gives  exit  to  a  little  serous  or  turbid  fluid,  followed  in  a  day 
or  two  by  some  thick  creamy  pus;  the  slight  constitutional  disturbance 
quickly  subsides.  If  non-absorbable  sutures  have  been  used  a  sinus 
may  persist  until  these  are  either  removed  by  the  surgeon  or  are 
extruded  spontaneously.  It  is  a  mistake,  however,  to  think  that  catgut 
necessarily  gives  no  trouble  in  this  way,  for  some  of  the  samples  which 
have  been  hardened  in  bichromate  are  capable  of  persisting  for  many 
weeks,  and  may  require  removal. 

There  are  some  cases  in  which  even  such  a  mild  infection  is  apt  to 
be  followed  by  serious  results.  For  instance,  it  is  usually  held  that  the 
success  of  a  radical  cure  of  hernia  is  likely  to  be  imperilled  by  even  a 
mild  suppuration.  This  belief  is  borne  out  by  the  following  figures  from 
the  St.  Thomas's  Hospital  Reports.  During  a  period  of  14  years,  203 
cases  of  recurrent  hernia  were  admitted,  the  primary  operations  having 
been  performed  at  many  different  hospitals.  No  fewer  than  45  of  these 
had  been  the  seat  of  suppuration.  Again,  even  the  mildest  infection  would 
almost  certainly  spoil  the  result  of  an  operation  for  nerve  suture;  whilst 
in  the  case  of  the  burying  of  a  foreign  body  such  as  a  Lane's  plate, 
failure  of  asepsis  would  inevitably  necessitate  its  subsequent  removal. 

Although,  therefore,  a  breakdown  in  asepsis,  if  the  infection  be 
mild,  need  not  have  any  serious  constitutional  effects,  and  although  in 
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many  cases  it  would  have  no  very  serious  local  effects,  yet  in  some 
instances  it  might  completely  spoil  the  result  of  an  operation. 

(fe)  Severe  infections.  Far  different  are  the  results  of  wound 
infection  with  streptococci  or  a  virulent  staphylococcus,  and  of  almost 
any  infection  in  the  case  of  a  patient  of  low  resistance.  Both  local  and 
institutional  effects  of  a  serious  order  are  likely  to  manifest  themselves. 
Locally  such  an  infection  tends  to  produce  a  spreading  cutaneous  or 
subcutaneous  inflammation,  with  involvement  of  lymph  vessels  and 
glands.  In  special  regions  it  may  take  the  form  of  a  septic  arthritis, 
osteomyelitis,  peritonitis,  or  meningitis,  and  result,  if  the  patient 
escapes  with  his  life,  in  loss  of  a  limb  or  in  permanent  invalidism.  The 
constitutional  effects  are  equally  serious,  taking  the  form  of  severe 
toxaemia,  pyaemia,  or  septicaemia,  and  these  may  progress  to  a  fatal 
termination  in  spite  of  all  efforts  to  combat  the  infection. 

The  treatment  of  severe  wound  infections,  whilst  varying  in  detail 
in  different  regions,  is  based  upon  certain  well-defined  principles. 

In  the  first  place  the  wound  must  be  dealt  with  by  the  provision  of 
the  freest  possible  drainage;  in  so  doing  cultures  should  invariably  be 
taken  in  order  that  the  bacteriology  of  the  infection  may  be  ascertained, 
so  that  if  desirable  the  appropriate  vaccine  or  anti-serum  may  be 
employed.  It  may  be  sufficient  merely  to  reopen  the  original  wound; 
it  may  be  necessary  to  make  other  openings  in  addition.  Problems  of 
great  difficulty  may  present  themselves  at  this  stage,  for  fresh  incisions 
may  entail  opening  up  and  infection  of  fresh  tissue.  For  example,  with 
an  infection  after  an  arthrotomy  it  may  be  impossible  to  say  whether 
the  joint  itself  is  involved,  or  whether  an  extra-articular  cellulitis  is 
alone  responsible  for  the  symptoms.  It  may  be  advisable  in  such  a  case 
to  refrain  from  opening  the  joint  until  signs  of  its  involvement  are 
unmistakable,  for,  as  is  well  known,  an  effusion  into  a  joint  in  proximity 
to  a  septic  focus  may  be  sterile.  The  wound  after  being  opened  up 
should  be  treated  by  whatever  antiseptic  method  is  applicable  to  the 
particular  case;  by  packing  with  antiseptic  gauze,  continuous  bath,  con- 
tinuous irrigation,  antiseptic  fomentations,  and  so  on. 

The  use  of  strong  antiseptic  chemicals  is  neither  desirable  nor  neces- 
sary. Eflficient  drainage  is  of  itself  sufficient,  and  this  is  helped  by  the 
use  of  wet  dressings,  irrigation,  and  baths.  The  application  of  strong 
chemicals  will  not  take  the  place  of  such  drainage ;  they  are  likely  to  do 
more  damage  to  the  tissues  than  to  the  micro-organisms,  whilst  at  the 
same  time  sufficient  may  be  absorbed  of  carbolic  acid,  mercury,  or 
iodoform  to  cause  constitutional  symptoms  of  poisoning. 

If  signs  of  metastatic  septic  foci  appear,  the  treatment  becomes  that 
of  pyaemia,  namely,  amputation  in  the  case  of  a  limb  or  proximal  liga- 
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ture  of  the  main  vein  or  veins.  Specific  anti-bacterial  or  antitoxic  treat- 
ment may  be  advisable,  and  will  have  been  rendered  possible  by  the  bac- 
teriological examination  which  sliould  have  been  made  directly  the  septic 
symptoms  became  manifest.  Symptomatic  treatment  is  also  required. 
In  this  connexion  the  use  of  urotropin  in  infections  of  the  cerebrospinal 
membranes  may  be  mentioned.  When  this  drug  is  taken  by  the  mouth 
formaldehyde  appears  in  the  cerebrospinal  fluid  (Crowe  and  Cushing). 

A  consideration  of  the  treatment  of  all  infected  wounds  would  carry 
us  too  far  afield.  The  principles  of  treatment  are  the  same  as  those  of 
similar  infections  arising  from  other  causes. 

(c)  Specific  infections.  In  rare  instances  clean  operation  wounds 
have  been  infected  with  specific  micro-organisms.  It  is  believed  that 
the  virus  of  scarlet  fever  can  gain  access  to  the  system  by  this  means. 
When  scarlet  fever  breaks  out  in  a  children's  ward  it  happens  occa- 
sionally that  a  child  will  develop  the  disease  without  exhibiting  the 
usual  faucial  manifestation,  and  this  has  been  noticed  particularly  in 
children  with  open  wounds,  more  especially  burns.  No  doubt  some  cases 
of  '  surgical  scarlet  fever '  are  merely  examples  of  septic  rashes. 

Cases  are  on  record  wliere  anthrax  has  developed  after  operations 
in  which  catgut  has  been  used,  the  infection  in  those  cases  having  doubt- 
less been  due  to  catgut  prepared  from  sheep  infected  with  the  disease. 

Tetanus  has  been  known  to  follow  clean  operations  with  sufficient 
frequency  and  recently  enough  to  excite  remark.  This  is  a  matter  of 
the  greatest  importance  in  view  of  the  comparatively  recent  increase  in 
the  use  of  catgut  in  general  surgery.  In  1909  W.  G.  Richardson  ^  col- 
lected records  of  21  cases  of  post-operative  tetanus.  In  all  these  cases  the 
ligature  material  used  was  catgut.  In  14  the  catgut  was  examined  bac- 
teriologically,  and  in  4  an  organism  was  found  resembling  the  bacillus 
tetani.  In  spite  of  these  findings,  Richardson  thought  that  the  case 
against  catgut  had  not  been  proved,  suggesting  that  the  disease  was  not 
true  tetanus,  and  that  the  organisms  were  supplied  from  the  patient's 
intestine  and  were  not  introduced  with  the  catgut.  Following  this  paper 
7  further  cases  were  reported  in  the  same  volume  of  the  journal.  The 
operations  were  ovariotomy,  varicose  veins,  tuberculous  glands,  car- 
cinoma mammae,  hysterectomy,  hydrocele,  and  hernia,  and  in  every  case 
catgut  had  been  employed.  In  one  only  was  a  bacteriological  examina- 
tion made,  and  this  yielded  positive  results.  I  have  been  unable  to  find 
any  record  of  post-operative  tetanus  in  a  wound  primarily  aseptic  in 
which  catgut  had  not  been  used,  and  in  view  of  the  source  of  catgut,  the 
difficulties  attending  its  sterilization,  and  the  high  degree  of  resistance  of 
tetanus  spores,  the  case  against  that  material  appears  particularly  black. 

*  Brit.  Med.  Joiirn.,  April,  1909. 
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In  bygone  days  erysipelas  frequently  attacked  operation  wounds,  and 
even  now  occasionally  does  so;  but  as  its  specific  character  is  open  to 
doubt,  it  need  not  be  further  considered  in  this  connexion. 

(2)  Operations  upon  cases  already  infected.  When  an  opera- 
tion is  performed  upon  a  case  in  which  organisms  are,  from  the  nature 
of  the  case,  present,  an  even  more  stringent  attention  to  the  principles 
of  antiseptic  surgery  is  called  for  than  in  operating  upon  clean  cases. 
Not  only  must  other  organisms  be  prevented  from  gaining  access  from 
without,  and  so  producing  a  mixed  infection,  but  the  greatest  care  is 
required,  both  in  planning  and  carrying  out  the  operation,  in  order  to 
avoid  the  infection  of  any  unaffected  tissues  which  may  have  to  be  trav- 
ersed. An  appendix  abscess,  for  example,  must  frequently  be  opened 
after  opening  the  general  peritoneal  cavity;  here  it  is  clear  that  a  proper 
packing-off  of  the  peritoneal  cavity  is  essential  in  order  to  lessen  the 
chances  of  a  spreading  peritonitis.  The  opening  of  a  subphrenic  abscess 
affords  another  example;  here  every  effort  has  to  be  made  to  avoid 
infecting  the  pleural  cavity  through  which  the  pus  must  be  evacuated. 

The  most  rigid  antiseptic  technique  is  to  be  observed  in  dealing  with 
these  cases,  not  only  for  the  sake  of  the  patient  immediately  concerned, 
but  also  for  the  sake  of  other  patients  who  may  have  to  be  dealt  with 
by  the  same  operator  with  the  same  staff.  It  is  hardly  necessary  to 
point  out  that  in  hospital  practice,  when  a  list  of  cases  of  all  sorts  has 
to  be  dealt  with  at  a  session,  the  cases  are  arranged  in  aseptic  priority. 

To  take  an  extreme  instance,  few,  if  any,  surgeons  would  dare  to  open 
a  knee-joint  immediately  after  operating  upon  an  empyema,  and  the  same 
principle  holds  good  in  other  cases  of  minor  infectivity;  an  operation  for 
haemorrhoids  would  follow,  not  precede,  the  radical  cure  of  a  hernia. 

(3)  Accidental  wounds.  It  is  inconceivable  that  any  wound  made 
with  a  non-sterile  instrument  and  through  unprepared  skin  should  ever 
be  germ-free.  Yet  many  such  wounds  heal  by  first  intention  even  in 
what  may  appear  to  be  the  most  unpromising  circumstances.  The  more 
cleanly  cut  an  accidental  wound  is,  and  the  less  it  is  damaged  with 
strong  chemicals,  the  more  likely  is  asepticity  to  be  secured.  The 
behaviour  of  accidental  wounds,  in  fact,  demonstrates  even  more  clearly 
than  that  of  operation  wounds  the  efficiency  of  modern  antiseptic 
methods,  for  there  can  be  no  serious  doubt  that,  other  things  being 
equal,  rough  handling  and  drenching  with  strong  chemicals  may  actually 
precipitate  suppuration  in  an  accidental  wound  which  would  otherwise 
heal  by  first  intention.  Any  consideration  of  the  details  of  treatment 
of  accidental  wounds  in  different  regions  would  be  out  of  place  here, 
but  the  general  principles  applicable  to  all  may  be  mentioned. 

The  disinfection  of  the  skin  surrounding  the  wound  is  the  first  step, 
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and  this  is  best  attempted  by  painting  with  an  alcoholic  solution  of  iodine, 
the  2^  solution  in  rectified  spirit  being  preferred,  but  in  its  absence  the 
ordinary  tincture  of  iodine  answers  the  purpose.  Every  effort  should  be 
directed  to  keeping  the  fluid  from  coming  into  contact  with  the  wound. 

The  excision  of  wounds.  The  present  war  has  brought  out  an  en- 
tirely new  principle,  that  of  excision  of  wounds.  Before  the  war  it  was 
the  usual  practice  to  treat  all  cases  by  aseptic  principles  as  de- 
scribed, or  at  most  in  cases  of  dirty  wounds  to  apply  an  anti- 
septic such  as  iodine,  picric  acid,  or  similar  solution.  The  extensive 
experience  of  war,  however,  demonstrated  the  futility  of  these  and 
emphasized  the  value  of  radical  excision  of  the  wound.  This  was  based 
upon  the  sound  principle  that  the  wound  surface  was  necessarily  com- 
posed of  devitalized  tissue,  which  was  a  most  favourable  media  for  the 
development  of  bacteria  since  it  lacked  the  reactive  property  of  living 
cells.  Experience  showed  that  no  matter  how  extensive  the  injury  or 
what  tissue  was  involved,  if  this  devitalized  tissue  were  removed  by  wide 
excision  into  healthy  tissue,  these  wounds  could  be  rendered  sterile  if  the 
operation  were  performed  within  six  hours  of  the  receipt  of  the  injury. 
Large  vessels  and  nerves  should  be  avoided,  fragments  of  bone  detached 
from  periosteum  removed,  and  wide  excision  with  a  sharp  knife  per- 
formed. The  wound  could  then  be  closed  without  drainage,  and  in  a 
considerable  number  of  cases  the  wounds  healed  without  suppuration. 
A  few  surgeons  applied  antiseptics  directly  to  the  excised  wound  before 
suture,  and  in  those  cases  where  the  excision  took  place  late  or  w^here  it 
was  impossible  to  close  the  wound,  many  used  the  same  precaution,  being 
convinced  that  the  number  of  bacteria  killed  more  than  compensated  for 
the  devitalization  of  the  surface  cells.  The  excision,  however,  is  the 
important  part,  while  the  application  of  antiseptics  is  still  open  to  serious 
question.  This  excision  is  carried  to  open  wounds  of  the  thorax,  the 
joints,  the  skull,  and  compound  fractures,  as  well  as  to  the  simple 
injuries.  This  procedure  should  also  be  carried  out  in  perforating 
w^ounds. 

Where  infection  by  the  bacillus  aerogenes  capsulatus  is  found  the 
application  of  peroxide  of  hydrogen  with  open  dressing,  no  closure  but 
free  incision,  is  to  be  preferred.  If  the  process  has  extended  into  the 
surrounding  tissue,  the  excision  of  the  entire  body  of  the  muscle  or 
muscles  involved  should  be  performed  and  the  wound  left  open. 
There  is  some  hope  that  the  prophylactic  injection  of  a  serum  now  being 
prepared,  antagonistic  to  the  gas  bacillus,  may  end  our  fear  of  this  dread 
complication. 

In  any  soiled  lacerated  wound  or  punctured  wound  produced  by  a 
dirty  object,  or  a  wound  in  which  fragments  of  the  missile  or  clothing 
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may  be  left,  a  prophylactic  injection  of  anti tetanic  serum  should  be 
given.  Tubercle  may  infect  small  wounds  about  the  fingers,  as  also  may 
syphilis,  in  those  exposed  to  contact  with  these  diseases.  Both  diseases 
have  been  known  to  attack  tattoo  marks.  Anthrax  is  another  specific 
disease  which  is  liable  to  attack  accidental  wounds  in  persons  exposed  to 
the  infection. 

Conclusion.  At  the  risk  of  tedious  repetition  it  must  be  pointed 
out  that  the  principles  which  underlie  the  treatment  of  all  wounds, 
whether  accidental  or  intentional,  septic  or  aseptic,  are  essentially  the 
same.  The  border-line  between  infected  and  non-infected  wounds  is  not 
sharply  defined;  the  transition  from  an  aseptic  operation  wound  to  an 
infected  one  is.  gradual.  Modern  technique  is  directed  to  the  exclusion 
of  micro-organisms  whether  the  wound  is  *  clean '  or  dirty,  whilst  at 
the  same  time  it  aims  at  putting  the  tissues  in  the  best  possible  position 
for  exercising  those  bactericidal  powers  which  can  so  readily  be  depre- 
ciated by  rough  handling  and  the  injudicious  use  of  chemical  antiseptics. 
The  '  dirty '  wound  is  handicapped  at  the  outset  as  compared  with  the 
*  clean '  wound,  and  therefore  requires  more  and  not  less  care  in  the 
application  of  the  principles  of  aseptic  treatment. 
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CHAPTER  I 
GENERAL  ANESTHESIA 

SELECTION  OF  AN  ANESTHETIC 

In  the  selection  of  an  anaesthetic,  the  question  of  safety  during  ad- 
ministration and  of  harmful  effects  upon  the  body  tissues  is  of  paramount 
importance.  The  next  consideration  should  be  the  establishment  of  the 
most  favorable  operative  condition.  The  patient's  preference  or  comfort, 
the  cost  of  the  anaesthetic,  its  portability,  the  quickness  of  induction  of 
narcosis,  greater  ease  or  convenience  for  the  anaesthetist,  the  need  of 
fewer  assistants,  should  seldom  have  any  weight  in  the  decision.  At 
present  we  have  no  anaesthetic  which  is  devoid  of  all  danger,  and  it  is 
only  through  the  recognition  of  this  fact  by  the  surgeon  and  the  anaesthe- 
tist that  the  mortality  from  and  the  deleterious  after-effects  of  anaes- 
thesia can  be  minimized.  Ordinarily  selection  is  not  difficult,  but 
occasionally  an  intimate  knowledge  of  the  various  anaesthetic  substances, 
of  their  sequence  and  combinations,  of  their  action  on  diseased  and 
healthy  organs,  and  of  the  operative  requirements,  becomes  imperative 
if  the  best  interests  of  the  patient  are  to  be  considered. 

It  is  first  necessary  to  decide  whetlier  a  general  or  local  anaesthetic 
should  be  used.  Of  late  years,  general  anaesthetics  have  been  used,  as 
a  rule,  in  the  absence  of  contra-indications.  With  increasing  experience 
and  improved  methods  of  technique  it  seems  probable  that  the  field  of 
local  anaesthesia  will  become  constantly  wider.  Age  in  itself  is  not  a 
determining  factor,  except  in  so  far  as  it  renders  possible  the  co-opera- 
tion of  the  patient.  A  general  anaesthetic  may  be  given  to  an  infant 
a  few  hours  old;  but  certain  physical  conditions  interdict  its  use,  and 
necessitate  the  employment  of  local  anaesthesia. 

In  the  choice  of  an  anaesthetic  for  children  several  factors  come 
into  consideration.  The  upper  air  passages  of  young  children  are 
sensitive  to  ether,  especially  if  the  vapor  is  concentrated;  and  it  not 
infrequently  causes  irritation,  w^ith  salivation  or  holding  of  the  breath. 
This  fact,  together  with  the  erroneous  supposition  that  children  are  not 
susceptible  to  its  toxic  effects,  has  led  many  to  the  use  of  chloroform. 
Though  children  inhale  chloroform  readily,  and  sometimes  may  be 
rescued  from  conditions  of  respiratory  and  circulatory  depression  which 
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might  prove  fatal  in  the  adult,  nevertheless  many  fatalities  have  occurred 
under  its  use.  Nitrous  oxide  is  not  an  appropriate  anaesthetic  for  chil- 
dren under  five  or  six  years  of  age,  as  it  very  rapidly  brings  about  an 
undesirable  state  of  asphyxia.  Children  do  not  bear  air  limitation  well; 
therefore,  if  nitrous  oxide  is  used,  a  large  percentage  of  oxygen  must  be 
administered  with  it  Local  anaesthesia  is  usually  contra-indicated  in 
children  because  of  the  difficulty  of  eliminating  the  element  of  fear.  As 
a  rule  ether  is  the  anaesthetic  of  choice;  it  should  always  be  given  with  a 
large  amount  of  air  or  oxygen,  as  cyanosis  and  respiratory  arrest  may 
develop  very  rapidly. 

Patients  with  valvular  and  other  cardiac  affections  may  be  safely 
anaesthetized  if  care  is  taken  to  select  the  proper  anaesthetic  and  administer 
it  in  such  a  manner  that  no  undue  strain  is  thrown  upon  the  heart.  The 
recumbent  posture  should  be  'enforced,  no  deprivation  of  oxygen  per- 
mitted, and  all  respiratory  embarrassment  and  struggling  during  induc- 
tion avoided.  Asphyxial  strain  leads  to  syncope  through  impairment  of 
the  heart's  action.  The  condition  of  the  heart  muscle  is  frequently  of 
greater  importance  than  the  valvular  lesion.  In  valvular  lesions  the  in- 
tensity of  a  murmur  depends  not  only  upon  the  character  and  extent 
of  the  lesion,  but  upon  the  force  with  which  the  blood  is  driven  through 
the  diseased  orifice;  consequently  a  low  murmur  may  mean  a  feeble 
heart  muscle.  In  valvular  heart  disease  the  danger  to  life  is  greater  from 
embolism  than  from  the  pure  action  of  a  suitable  anaesthetic,  although 
this  danger  is  not  so  great  in  children  as  in  adults.  In  anaemia  with  low 
haemoglobin  index  the  heart  muscle  is  more  or  less  feeble  from  degen- 
erative processes,  and  should  have  the  stimulating  effect  of  ether. 

In  acute  infections  of  the  lung  and  pleura,  or  in  recent  pneumonias 
where  an  emergency  operation  becomes  necessary  and  a  general  anaes- 
thetic is  indicated,  nitrous  oxide  and  oxygen  should  be  employed  when 
the  age  of  the  patient  permits;  otherwise,  chloroform  is  the  anaesthetic 
of  choice.  A  cardinal  principle  in  empyema  is  to  have  the  patient  lie  on 
the  affected  side,  especially  if  cyanosis  develops  when  the  sound  side  is 
underneath.  Unfortunately  this  is  not  always  possible,  as  many  opera- 
tions on  the  pleura  or  ribs  cannot  be  performed  unless  the  affected  side 
is  uppermost.  Anaesthesia  may  be  induced  in  the  most  favorable  posture, 
and  the  position  changed  for  the  operative  procedure.  During  the 
change,  respiration  must  be  carefully  watched,  and  if  cyanosis  develops 
to  any  marked  degree,  the  former  position  must  be  at  once  resumed.  In 
chronic  cases  in  which  the  healthy  lung  has  become  accustomed  to  in- 
creased work,  the  posture  is  not  nearly  so  important  as  in  the  acute  cases. 
When  pus  is  in  the  left  side  with  cardiac  displacement,  the  condition 
is  more  serious  than  when  it  is  situated  in  the  right  side.    A  particularly 
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grave  state  exists  when  there  is  a  communication  between  an  abscess 
cavity  and  bronchus,  since  the  air-way  becomes  obstructed  with  pus, 
gangrenous  material,  or  blood.  In  such  cases,  it  is  specially  desirable  to 
keep  the  patient  on  the  affected  side  so  that  the  unaffected  lung  may  remain 
as  free  as  possible  for  respiration.  Unquestionably  these  operations 
should  be  performed  under  local  anaesthesia.  Patients  suffering  with 
asthma  or  emphysema  develop  asphyxial  symptoms  under  comparatively 
slight  air  limitation;  they  become  deeply  cyanosed  under  nitrous  oxide, 
even  when  administered  with  a  considerable  percentage  of  oxygen.  This 
result  is  also  true  when  ether  is  given  with  a  limited  amount  of  air,  but 
if  ether  is  given  by  the  open  method,  allowing  all  the  air  that  is  consistent 
with  narcosis,  no  difficulty  will  be  experienced. 

Pulmonary  tuberculosis  does  not  contra-indicate  nitrous  oxide-oxygen 
anaesthesia.  Ether  is  best  avoided,  especially  in  the  acute  or  active  forms 
of  the  disease.  Ether  may  be  administered  with  safety  in  healed  pul- 
monary tuberculosis,  providing  it  is  not  given  in  a  concentrated  form. 
Careful  sterilization  of  inhalers  should  be  rigidly  enforced  after  their 
use  by  patients  suffering  from  pulmonary  tuberculosis. 

In  acute  nephritis,  nitrous  oxide  and  oxygen  are  indicated  if  the  age 
of  the  patient  permits.  In  the  so-called  chronic  nephritides  ether  may 
be  safely  given.  In  estimating  the  working  capacity  of  the  kidneys,  the 
amount  of  albumen  in  the  urine  is  of  less  moment  than  the 'amount  of 
urine  being  excreted.  Chloroform  produces  greater  destruction  of  the 
renal  parenchyma  than  ether.  The  danger  to  a  considerable  extent  lies 
in  the  amount  of  anaesthetic  which  must  be  eliminated  by  the  kidneys. 
If  a  good  anaesthetic  ether  is  employed  and  as  little  given  as  possible, 
combined  with  as  much  air  or  oxygen  as  is  consistent  with  narcosis,  no 
evil  consequences  may  be  expected.  With  operations  not  requiring  pro- 
found narcosis  with  full  muscular  relaxation,  nitrous  oxide-oxygen  is 
the  anaesthetic  of  choice. 

In  operations  about  or  within  the  mouth,  jaw,  nose,  pharynx,  or 
larynx,  the  anaesthetist  should  ascertain  the  precise  nature  of  the  opera- 
tion, and  the  requirements  of  the  surgeon  as  regards  the  posture  desired 
or  necessary  for  the  operation.  With  our  present  methods  of  anaesthesia, 
it  is  possible  to  anaesthetize  patients  satisfactorily  in  any  operative  posi- 
tion. When  general  anaesthesia  is  required,  short  operations  may  be 
performed  under  nitrous  oxide  and  oxygen.  When  a  continuous  or  pro- 
tracted anaesthesia  is  desired,  an  ether  anaesthesia  is  in  all  respects  more 
satisfactory.  Anaesthesia  is  induced  by  inhalation  with  a  cone,  and  when 
narcosis  is  well  established,  intrapharyngeal  or  intratracheal  insufflation 
is  practised.  Owing  to  the  inflammable  character  of  ether  and  ethyl 
chloride,  care  must  be  taken  if  the  actual  or  galvano-cautery  is  being 
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employed.  In  such  cases,  if  ether  is  being  used  and  the  subject  has  been 
deeply  anaesthetized,  the  "available  anaesthesia"  will  be,  as  a  general  rule, 
sufficiently  long  to  finish  the  operation.  The  ether  and  cone  should  be 
removed,  and  thin  gauze  sponges  saturated  with  warm  saline  solution 
placed  around  the  operative  field  and  in  the  mouth,  to  prevent  the  breath 
from  catching  fire  and  to  increase  the  available  anaesthesia  by  preventing 
to  a  considerable  extent  the  elimination  of  the  ether  by  the  lungs. 

Retropharyngeal  abscess,  if  possible,  should  be  opened  under  local 
anaesthesia  because  of  the  danger  of  the  pus  entering  the  larynx.  If  a 
general  anaesthesia  must  be  employed,  ether  given  to  a  light  degree  of 
narcosis,  with  the  patient  on  his  side  or  in  the  Trendelenburg  position, 
is  advisable. 

Cellulitis  of  the  neck,  with  oedema  of  the  tissues  about  the  larynx  and 
trachea  which  may  increase  during  narcosis,  makes  any  patient  a  hazard- 
ous risk  for  general  anaesthesia,  unless  the  swelling  is  at  the  side  and 
does  not  cause  respiratory  distress.  Acute  inflammatory  swellings  may 
become  aggravated  under  anaesthesia  and  convert  a  moderate  respiratory 
obstruction  into  a  serious  one. 

Laryngeal  growths  and  tumors  of  the  epiglottis  are  an  obvious  source 
of  asphyxial  danger  during  their  removal,  and  a  preliminary  tracheotomy 
should  be  performed,  or  preparations  made  for  doing  so,  if  the  occasion 
demands.  A  general  anaesthetic  is  especially  hazardous  when  the  trachea 
is  pressed  upon  by  enlarged  glands  or  mediastinal  growths,  such  as  an 
aneurism,  because  the  asphyxia  cannot  be  relieved  by  tracheotomy.  When 
a  patient  is  so  desperately  ill  that  the  administration  of  oxygen  is  con- 
sidered advisable,  and  operation  is  imperative,  local  anaesthesia  should  be 
employed.  A  fatal  issue  is  almost  sure  to  result  if  a  general  anaesthetic 
is  given. 

When  a  rigid  chest  wall  or  obstructive  growth  produces  sufficient 
dyspnoea  to  cause  cyanosis,  and  the  accessory  muscles  of  respiration  are 
called  into  action,  general  anaesthesia  becomes  fraught  with  danger. 
These  muscles  are  brought  into  use  only  when  the  ordinary  muscles  of 
respiration  are  inadequate,  and  are  as  readily  paralyzed  by  the  anaesthetic 
as  are  the  other  voluntary  muscles  of  the  body.  Abdominal  breathing 
is  about  half  as  efficient  as  thoracic  expansion.  With  a  rigid  chest, 
aeration  in  the  deeper  bronchi  takes  place  only  by  diffusion  of  gases; 
consequently  the  induction  of  anaesthesia  is  usually  delayed  because  of 
the  retarded  absorption,  and  when  anaesthesia  is  established,  recovery 
is  delayed  because  of  retarded  elimination. 

Patients  suffering  with  intestinal  obstruction  are  usually  toxic,  and 
their  reflexes  are  sluggish.  In  the  early  stages  of  the  trouble  ether  may 
be  safely  given,  but  when  reversed  peristalsis  occurs,  with  regurgitation 
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of  the  contents  of  the  stomach  and  intestines  into  the  mouth,  there  is 
grave  danger  of  aspiration  of  septic  material  into  the  larynx  and  lungs. 
When  this  form  of  vomiting  exists,  local  anaesthesia  is  indicated,  and 
can  usually  be  successfully  employed  because  of'  the  blunted  sensibilities 
and  moribund  condition. 

In  large  abdominal  tumors  or  ascities  there  is  often  considerable 
respiratory  embarrassment,  due  to  the  limited  thoracic  action  caused  by 
the  impeded  descent  of  the  diaphragm.  Air  deprivation  should  be  avoided 
as  much  as  possible  in  these  patients.  Occasionally  it  becomes  necessary 
to  anaesthetize  them  in  the  semi-recumbent  or  lateral  posture,  and  place 
them  in  the  dorsal  position  after  the  distention  is  relieved.  As  is  the 
case  with  heart  lesions,  the  induction  of  narcosis  should  be  very  gradually 
conducted,  allowing  more  air  or  oxygen  than  ordinarily. 

In  spinal  cord  lesions,  laminectomy,  and  cerebellar  tumor  operations, 
the  prone  position  must  be  assumed,  which  may  interfere  to  a  considerable 
extent  with  respiration,  especially  in  a  fleshy  patient.  By  placing  a  sand 
bag  under  each  shoulder  and  under  each  iliac  spine,  lung  expansion  will  be 
facilitated. 

Complete  muscular  relaxation  is  not  usually  necessary  for  the  reduc- 
tion of  recent  fractures  and  dislocations,  therefore  nitrous  oxide-oxygen 
alone,  or  combined  with  a  very  small  amount  of  ether,  is  the  anaesthetic 
of  choice.  Fractures  and  dislocations  of  long  standing  are  more  difficult 
to  reduce,  and  require  relaxed  muscles.  In  this  type  of  patients,  and  in 
open  operations,  deep  ether  narcosis  is  generally  indicated. 

Septic  patients  pass  into  narcosis  very  quickly  and  with  a  marked 
absence  of  excitement  and  rigidity.  Such  patients  are  susceptible  to 
narcotics,  and  small  quantities  only  are  required  to  induce  and  maintain 
anaesthesia.  It  is  very  important  in  this  class  of  patients  that  there  should 
be  no  mechanical  hindrance  to  free  respiration,  and  that  an  abundance 
of  air  be  allowed  throughout  the  narcosis.  Nitrous  oxide  is  best  avoided 
in  the  exhausted  and  collapsed  subject.  Ether  given  by  the  open  method 
will  help  stimulate  the  respiration  and  circulation,  and  though  this  im- 
provement does  not  last  long,  yet  it  is  the  safest  anaesthesia  for  these 
subjects.  The  profuse  sweating  which  is  so  common  in  septic  patients 
is  an  indication  of  exhaustion. 

The  extent  to  which  haemorrhage  will  modify  the  phenomena  of 
anaesthesia  will  depend  upon  the  general  physical  condition  of  the  patient 
and  the  amount  of  blood  lost.  The  pulse  will  be  more  seriously  affected 
by  the  sudden  loss  of  blood  than  if  the  same  amount  were  lost  over  a 
longer  period  of  time.  Anaemic  patients  require  very  small  quantities 
of  anaesthetic  to  induce  and  maintain  narcosis.  These  subjects  are  very 
intolerant  of  air  limitations,  for  the  asphyxial  state  develops  in  a  remark- 
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ably  short  time,  especially  if  nitrous  oxide  is  given  with  insufficient 
oxygen.  Three  or  four  inspirations  of  pure  nitrous  oxide  are  sometimes 
sufficient  to  produce  clonic  spasms  or  epileptiform  movements — a  con- 
dition which  always  indicates  an  asphyxial  state.  Cachectic  and  feeble 
children  require  remarkably  small  doses  of  any  anaesthetic.  Shock  is 
precipitated  by  haemorrhage  and  is  indicated  by  pallor  of  the  face  and 
surface  of  the  body,  cold  sweat,  especially  of  the  forehead,  shallow 
breathing,  and  a  rapid  small  pulse  which  becomes  irregular  in  force  and 
rhythm.  When  this  condition  supervenes,  the  anaesthetic  must  be  sus- 
pended, as  pain  sensation  is  no  longer  present.  Infants,  anaemic,  and 
cachectic  subjects  are  naturally  more  seriously  affected  by  the  loss  of 
blood  than  robust  individuals,  and  consequently,  if  depression  develops, 
little  if  any  anaesthetic  must  be  administered.  The  greater  the  quantity  of 
blood  lost,  the  smaller  is  the  amount  of  anaesthetic  which  will  be  required. 
Surgeons  generally  hold  that  there  is  danger  in  the  employment  of  general 
anaesthetics  when  the  color  index  is  below  50  per  cent.  Mikulicz  sug- 
gested 30  per  cent  haemoglobin  as  the  lowest  limit.  The  author  has 
anaesthetized  a  patient  with  an  index  of  18  per  cent,  and  several  whose 
haemoglobin  was  between  20  and  30  per  cent,  without  untoward  effects. 
The  operations  were  made  necessary  through  repeated  or  continued 
haemorrhage,  and  were  of  such  a  nature  as  to  demand  a  general  anaesthe- 
sia. The  danger  to  life  is  greater  when  the  anaemia  is  chronic  and  depends 
upon  some  disease  of  the  blood-making  organs  than  w^hen  it  is  acute  as 
the  result  of  haemorrhage. 

The  drowsy  or  semi-conscious  patient  will  require  very  small  quan- 
tities of  the  anaesthetic.  When  coma  is  present,  no  anaesthetic  is  indicated. 
Patients  suffering  from  depressed  fractures,  intracranial  haemorrhage, 
and  cerebral  abscess  are  frequently  in  a  more  or  less  comatose  or  lethargic 
state,  and  will  require  little  anaesthetic.  Subjects  of  cerebral  and  cerebellar 
tumors  may  display  symptoms  of  respiratory  failure  from  increased 
intracranial  tension,  and  should  such  a  patient  be  anaesthetized  even 
lightly,  breathing  may  be  completely  suspended.  No  anaesthetic,  or  very 
little,  is  required  for  patients  suffering  from  severe  shock  following  ac- 
cidents. When  shock  develops  during  an  operation  the  anaesthetic  should 
also  be  suspended,  as  in  such  a  condition  the  sense  of  pain  is  abolished. 

Nitrous  oxide-oxygen  may  be  used  to  advantage  in  diabetes  patients, 
but  ether  anaesthesia  is  unattended  with  risk  if  the  diabetic  patient  is 
"under  control,"  that  is.  if  sugar  is  absent  from  the  urine,  or  only  present 
to  a  slight  extent.  When  the  quantity  of  sugar  is  abnormally  large,  and 
the  operation  protracted,  especially  if  acetone  and  diacetic  acid  are  present 
in  the  urine,  the  vital  processes  may  be  so  disturbed  as  to  precipitate 
diabetic  coma.     Becker  reports  three  fatalities,  and  found  records  of 
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twelve  others,  following  anaesthesia  in  diabetic  subjects  whose  urine  con- 
tained acetone  at  the  time  of  operation.  The  presence  of  acetone  and 
diacetic  acid  indicates  a  course  of  alkaline  treatment  before  operation, 
which  should  be  continued  till  the  urine  is  alkaline.  Because  of  the  great 
danger  of  secondary  chloroform  poisoning,  this  agent  is  best  avoided, 
and  ether  or  nitrous  oxide-oxygen  chosen  when  a  general  anaesthetic  is 
indicated. 

Epilepsy,  per  se,  is  not  an  indication  for  or  against  any  special  anaes- 
thetic agent.  Convulsions  may  occur  during  the  induction  and  mainte- 
nance of  narcosis  in  both  the  symptomatic  and  idiopathic  types, 
regardless  of  the  anaesthetic  used  or  the  method  of  its  administration.  The 
pre-operative  preparation  of  epileptic  patients  is  important,  as  they  are 
nearly  always  constipated,  and  in  more  or  less  of  an  acidosed  condition. 

Fleming,  in  a  review  of  inquests  held  in  England,  showed  that  out  of 
700  deaths  occurring  during  anaesthesia,  521  were  due  to  the  anaesthetic. 
Of  these  patients,  223  died  before  the  operation  was  begun.  His  sta- 
tistics are  interesting  and  instructive. 

Chloroform 378 

Ether   28 

C.  E.,  A.  C.  E.,  and  A.  C 100 

Nitrous  Oxide 12 

Ethyl  Chloride 6 

Spinal    8 

Scopolamine    2 

Local 6 

Not  specified 160 

In  analyzing  these  figures,  one  is  at  once  impressed  with  the  dominance 
of  fatalities  under  chloroform  and  it  is  difficult  not  to  attribute  them  to 
the  improper  selection  of  the  anaesthetic  agdnt,  although  the  inexperience 
of  the  administrators  may  have  been  a  contributing  factor.  Fleming  is 
undoubtedly  correct  in  his  belief  that  this  appalling  death  rate  would 
not  have  occurred  if  ether  had  been  administered  instead  of  chloroform. 
From  a  purely  scientific  point  of  view,  these  statistics  serve  to  show  the 
great  need  of  reform  in  the  selection  and  administration  of  anaesthetics. 

CHLOROFORM 

The  precise  action  of  chloroform  upon  the  mammalian  organism  has 
occupied  the  attention  of  investigators  in  medicine,  surgery,  and  pathology 
in  every  land,  ever  since  the  discovery  of  its  anaesthetic  properties.  The 
result  of  these  investigations  has  shown  that,  in  addition  to  its  anaesthetic 
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action,  chloroform  has  a  powerful  depressant  action  upon  the  heart.  In 
consequence  of  the  dilatation  and  diminished  power  of  the  heart  under 
its  influence,  the  blood  is  driven  with  less  force  into  the  arteries ;  and  as 
the  pressure  falls,  the  blood  supply  to  the  medulla  decreases,  with  a  con- 
sequent diminished  functional  activity  of  the  centers  of  respiration  and 
circulation.  When  the  dilatation  is  sudden  and  extreme,  the  heart  fails, 
although  rhythmic  movements  may  persist  for  a  time.  Although  there 
are  some  who  still  regard  chloroform  as  a  drug  which  acts  primarily 
upon  the  vasomotor  center,  the  present  evidence  indicates  that  the  fall 
of  arterial  tension  w^hich  occurs  is  due  to  the  direct  effect  of  the  anaesthetic 
upon  the  heart  itself;  and  that  while  respiration  usually  ceases  before 
the  heart  fails,  it  is  the  effect  of  the  anaesthetic  upon  the  circulation,  and 
not  its  influence  upon  the  respiration,  which  is  the  essential  factor  in  the 
cause  of  death. 

It  is  well  known  that  the  administration  of  chloroform  may  be  fol- 
lowed by  well  marked  pathological  changes  in  the  tissues,  the  most 
conspicuous  of  which  are  oedema,  fat  infiltration,  multiple  haemorrhages, 
and  necrosis  of  the  central  portion  of  the  liver  lobules.  At  present  there 
is  no  adequate  explanation  of  how  these  changes  are  produced.  The 
process  appears  to  be  identical  with  those  concerned  in  poisonings  with 
a  large  group  of  toxic  substances,  including  other  narcotics,  arsenic, 
salvarsan,  phosphorus,  and  possibly  bacterial  poisons.  There  is  con- 
siderable evidence  to  show  that  in  chloroform  poisoning  the  liver  necrosis 
is  produced  chiefly  by  the  action  of  hydrochloric  acid,  which  is  formed 
in  the  metab(,lic  destruction  of  chloroform.  Ether  does  not  produce 
necrosis.    It  only  produces  oedema  and  fat  infiltration  to  a  less  degree. 

In  1866,  Nothnagcl  (^)  showed  that  the  introduction  of  chloroform  into  the 
stomach  or  subcutaneous  tissue  of  rabbits  was  followed  by  fatty  degeneration  of 
the  liver,  kidney,  and  heart  muscles.  Casper  (•'^),  in  1850,  expressed  the  belief 
that  chloroform  might  produce  a  chronic  poisoning  which  might  cause  death  after 
anaesthesia.  In  1894  Guthrie  (*)  reported  a  number  of  cases  at  a  children's 
hospital  in  wMiich  chloroform  narcosis  was  followed  in  from  12  to  24  hours  by 
severe  toxic  symptoms,  copious,  violent,  and  persistent  vomiting,  restlessness,  loud 
screaming,  delirium,  pyrexia  toward  the  close  of  the  case,  and  coma.  The  breath 
had  a  sweetish  odor,  and  the  urine  contained  acetone  and  diacetic  acid.  Death 
usually  occurred  about  the  fifth  day.  Becker  (^)  found  that  acetonuria  was 
especially  liable  to  follow  the  amesthesia  of  children. 

The  most  noteworthy  feature  in  cases  which  have  come  to  autopsy  has  been 
the  fatty  changes  in  the  liver,  heart,  and  kidneys.  In  some  of  the  reported  cases 
the  liver  changes  have  been  described  as  yellow  atrophy,  fatty  degeneration,  or 
fatty  infiltration.  Scott-Carmichael  and  Bcattie  (^)  reported  a  fatal  case  in  which 
autopsy  showed  the  liver  distinctly  enlarged,  intensely  fatty,  and  almost  creamy 
yellow  in  color.  When  stained  for  fat,  it  was  seen  that  all  the  cells  from  the 
center  to  the  periphery  of  the  lobule  were  crowded  with  fat  globules.    The  kidneys 
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and  suprarenal  bodies  also  showed  fatty  degeneration.  Be  van  and  Favill  (®) 
reported  a  fatal  case  in  a  twelve  year  old  child,  whose  urine  was  negative  before 
operation,  but  which  showed  on  the  third  day  after  operation  an  acidity  of  11.6, 
diacetic  acid,  acetone,  albumen,  hyaline,  granular  and  waxy  casts.  The  breath 
had  a  sweet  acetone  odor.  At  autopsy  the  liver  was  found  enlarged,  firm,  uni- 
versally yellow,  with  no  lobular  centers.  Microscopically  the  liver  showed 
advanced  fatty  changes  at  the  peripheries  of  the  lobules,  the  central  portions 
were  congested,  and  the  columnar  arrangement  of  the  liver  cells  thrown  into 
disorder.  The  kidneys  showed  fibrous  changes,  the  most  striking  change  being 
the  presence  of  large  amounts  of  granular  material  (coagulated  serum)  in  the 
cavities  of  the  glomeruli,  visibly  compressing  many  of  the  tufts.  The  convoluted 
tubules  were  filled  with  a  similar  granular  material,  while  the  epithelial  cells  were 
well  preserved.  The  authors  were  able  to  find  2^  other  fatal  cases  reported  in  the 
literature. 

Beesly  (^)  considers  the  symptoms  occurring  in  so-called  acid  intoxication, 
acidosis,  acetonuria,  and  delayed  chtoroform  poisoning  as  pointing  to  a  metabolic 
disturbance  in  the  organism,  one  of  the  ultimate  products  of  which  is  acetone. 
He  examined,  before  and  after  anaesthesia,  the  urine  of  a  large  number  of  children 
at  the  Royal  Hospital  for  Sick  Children,  and  found  that  both  ether  and  chloroform 
produced  a  teii:porary  acute  acetonuria,  but  that  if  acetonuria  were  present  before 
operation,  chloroform  proved  to  be  far  more  dangerous  than  ether.  Thus  of  19 
cases  operated  upon  under  chloroform,  no  less  than  14  died,  all  exhibiting 
symptoms  of  acid  intoxication  or  acetone  poisoning.  Autopsies  showed  the  usual 
fatty  degeneration.  Of  24  patients  operated  upon  under  ether,  only  two  died, 
neither  of  them  as  a  result  of  acid  intoxication. 

Graham  C^)  found  that  "when  pregnant  animals  were  chloroformed,  their 
offspring  showed  changes  characteristic  of  the  pathological  and  clinical  pictures 
of  the  various  hzemorrhagic  diseases  of  the  new-born,"  suggesting  that  there 
might  be  a  causal  relationship  between  chloroform  used  at  labor,  and  the  occurrence 
of  some  of  these  various  conditions  in  the  new-born.  In  a  further  series  of 
experiments  he  found  that,  even  in  doses  sufficiently  small  to  produce  anaesthesia 
for  ten  or  fifteen  minutes  in  the  pregnant  animals,  intra-uterine  death  and 
abortion  frequently  occurred,  with  definite  fatty  changes  in  the  liver  of  the  off- 
spring. By  administering  alkali  simultaneously  with  the  chloroform,  he  found 
that  liver  necrosis  was  prevented  or  greatly  inhibited,  and  he  concluded  that  the 
acid  intoxication  resulting  from  tissue  asphyxia  was  the  essential  element  in  the 
fatal  outcome. 

Chloroform  for  anaesthesia  should  be  transparent,  colorless,  and 
neutral  to  litmus  paper.  It  should  possess  an  agreeable,  non-irritating 
odor,  and  upon  evaporation  sliould  leave  no  residue  or  strong  odor.  It 
should  form  no  precipitate  when  added  to  a  solution  of  silver  nitrate. 
It  is  decomposed  by  light  and  air,  and  therefore  should  be  kept  in  colored, 
well-stoppered  bottles.  Chloroform  boils  between  140.2°  and  141.8*^  F. 
Its  density  is  four  times  that  of  atmospheric  air.  If  it  is  being  admin- 
istered for  some  time  in  a  closed  or  badly  ventilated  room,  in  the  presence 
of  an  open  flame,  gaslight,  or  an  oil  or  gas  stove,  the  vapor  is  de- 
composed, with  the  production  of  exceedingly  irritating  fumes,  composed 
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principally  of  hydrochloric  acid  and  chlorine.  The  occupants  of  the  room 
may  be  affected  with  smarting  of  the  eyes,  a  spasmodic  cough,  and  a 
feeling  of  tightness  about  the  chest.  The  fumes  may  be  neutralized  to 
a  certain  extent  by  hanging  in  the  room  towels  wet  in  ammonia  water. 
Chloroform  is  very  caustic  in  its  action  on  the  skin ;  consequently  care 
should  be  taken  to  protect  the  face  during  the  administration  by  anointing 
it  well  with  cold  cream  or  vaseline.  Corneal  ulcers  have  been  known 
to  develop  from  the  dropping  of  chloroform  into  the  eyes.  When  this 
accident  occurs,  an  immediate  instillation  of  olive  or  castor  oil  will  pre- 
vent unfortunate  complications.  The  necessity  of  keeping  the  lids  closed 
and  the  eyes  well  protected  with  moist  cotton  during  the  administration 
of  chloroform  is  obvious. 

Of  the  various  methods  of  giving  chloroform,  that  in  which  it  is 
dropped  upon  a  mask  covered  with  gauze  gives  the  best  results.  Six  or 
eight  layers  of  gauze  are  preferable  to  stockinet  for  the  cone  cover.  If 
stockinet  is  used,  the  cone  should  not  rest  on  the  patient's  face,  as  there  is 
danger  of  a  too  concentrated  vapor  being  administered.  A  small  drop  can 
be  secured  by  drawing  the  end  of  a  cotton  wick  out  to  a  fine  thread.  If  a 
small  drop  and  fairly  thin  cone  cover  are  employed,  a  vapor  varying  from 
one  to  four  per  cent  will  result,  depending  upon  the  rapidity  of  the  drop- 
ping. The  ideal  to  be  sought  for  is  to  give  a  well-diluted  vapor  contin- 
uously. 

In  giving  chloroform  to  a  child,  great  care  must  be  exercised  if  he 
cries  during  induction.  Because  of  deep  inhalation,  an  overwhelming 
dose  may  be  easily  administered.  It  is  dangerous  to  "push"  chloroform 
in  order  to  secure  surgical  narcosis  or  relaxation  more  quickly.  The 
general  laws  which  apply  to  ether  narcosis  prevail  in  chloroform  anaes- 
thesia. The  respiration,  circulation,  and  pupillary  reaction  must  be  con- 
stantly watched. 

ETHER 

Ether  is  a  transparent,  highly  volatile  liquid,  possessing  a  character- 
istic pungent  odor  and  burning  taste.  It  boils  at  a  temperature  of  96*^  F. 
under  ordinary  atmospheric  pressure.  It  is  miscible  with  alcohol  and 
chloroform,  and  soluble  in  water  to  the  extent  of  ten  per  cent.  Pure 
ethylic  ether  should  be  neutral  to  litmus  paper,  and  should  evaporate 
without  leaving  a  distinct  or  foul-smelling  residue.  It  should  form  a 
clear  mixture  in  any  proportion  with  oil  of  copaiba.  It  is  decomposed 
by  light  and  air.  and  therefore  should  be  kept  in  well-stoppered  cans  or 
dark  bottles.  It  is  highly  inflammable,  burning  with  a  white  luminous 
flame.  Anv  ether  which  forms  snow  on  the  cork  or  wick  when  left 
standing,  or  which   freezes  on  the  cone  cover  during  administration, 
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should  be  discarded  as  being  unsuitable  for  the  open  method  of  anaesthesia. 
With  such  an  ether,  it  is  difficult,  often  impossible,  to  maintain  an  even, 
smooth  anaesthesia. 

Ether  is  more  potent  than  nitrous  oxide  and  less  potent  than  chloro- 
form. By  reason  of  its  low  boiling  point  (96°  F.)  it  is  quickly  eliminated, 
chiefly  by  the  lungs,  and  in  small  part  by  the  kidneys  and  gastro-intestinal 
tract.    It  escapes  from  the  body  unchanged. 

Ether  causes  a  rise  of  arterial  pressure  by  stimulating  the  vasomotor 
center  and  the  heart.  In  moderate  amounts  it  increases  the  force  and 
frequency  of  the  pulse  by  its  effect  upon  the  heart  muscle.  Large  doses, 
however,  act  as  a  cardiac  depressant,  especially  if  there  is  an  accumulation 
of  carbon  dioxide  in  the  circulating  blood.  Poisonous  doses  produce 
death  by  paralysis  of  the  respiratory  center.  Unlike  chloroform,  it  is 
one  of  the  most  energetic  stimulants  known  to  the  respiratory  and  cir- 
culatory systems.  Ringer  (°)  found  that  one  or  two  minims  of  chloro- 
form arrested  the  ventricles  of  the  frog's  heart,  but  that  fifty  minims 
of  ether  simply  accelerated  and  slightly  weakened  the  beats. 

Temperature  of  the  ether  vapor.  That  there  is  any  advantage  in 
warming  ether  vapor  to  body  temperature  has  been  questioned  by  such 
able  observers  as  Seelig  (*®),  Meltzer  (^^),  Cotton  and  Boothby  ("), 
Bevan  (^•'),  McCarthy  and  Davis  (^*),  and  others.  Seelig  states  that 
ether  vapor  radiates  its  acquired  heat  so  rapidly  that  at  a  distance  of 
one  meter  from  the  source  of  heat  it  practically  assumes  room  tem- 
perature. McCarthy  and  Davis  do  not  believe  that  warm  ether  vapor 
is  less  irritating  to  mucous  membranes  than  unheated  vapor,  or  that  it 
conserves  the  energy  of  the  patient  by  lessening  the  elimination  of  heat 
from  the  lungs.  They  have  found  that  the  maintenance  of  surgical 
anaesthesia  required  the  same  degree  of  concentration,  approximately  six 
per  cent,  of  the  warmed  or  unwarmed  vapor.  This  agrees  with  Connellys 
findings.  In  vaporizing  ether,  there  is  an  advantage  in  warming  the  liquid 
ether,  not  because  of  any  value  in  warm  vapor,  but  because  when  air  is 
forced  over  or  through  liquid  ether,  the  warm  ether  vaporizes  more 
rapidly,  and  consequently  less  air  is  required  to  carry  the  same  amount  of 
ether. 

Nature  has  carefully  protected  the  lung  alveoli  by  placing  between 
them  and  the  external  air  a  long  passage  through  which  air  must  pass 
before  reaching  them.  During  the  transit  the  air  is  warmed  to  body 
temperature.  Were  this  not  true  it  is  doubtful  if  warm-blooded  animals 
could  exist  in  the  polar  regions.  Of  much  greater  importance  than 
warming  the  ether  vapor  is  the  conservation  of  the  body  heat  during 
anaesthesia.  Vierdordt  gives  eleven  calories  per  hour  as  the  normal 
elimination  of  heat  by  the  lungs,  and  ninety  calories  by  the  skin.    When 
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these  figures  are  contrasted,  the  necessity  of  preventing  the  loss  of  heat 
by  the  skin  through  radiation,  evaporation,  or  conduction  is  apparent. 
Boothby  says,  **From  a  calculation  of  the  loss  of  heat  directly  attributable 
to  warming  anaesthetic  vapors,  it  is  demonstrated  that  such  a  loss  is 
negligible  in  comparison  to  that  from  the  body  surface." 

ETHYL  CHLORIDE;  ETHYL  BROMIDE 

Ethyl  chloride  is  a  colorless  liquid,  with  an  odor  somewhat  like  that 
of  chloroform.  It  boils  at  a  temperature  of  12.5**  C.  It  is  highly  volatile, 
and  consequently  is  kept  in  sealed  glass  tubes.  The  effects  produced  by 
ethyl  chloride  come  about  very  quickly,  so  that  consciousness  is  lost  in 
a  few  seconds.  In  the  rapidity  with  which  it  abolishes  consciousness 
it  resembles  nitrous  oxide;  on  the  other  hand  it  is  like  chloroform  in  the 
suddenness  with  which  it  destroys  life  when  administered  in  an  overdose. 
Children  and  alcoholics  are  especially  susceptible  to  its  influence. 

It  may  be  administered  by  spraying  it  inside  of  the  cone  or  on  tlie 
gauze  of  the  vaporizing  chamber  of  the  inhaler.  Better  results,  however, 
appear  to  be  obtained  by  the  closed  system,  in  which  the  ethyl  chloride 
is  placed  in  a  bag,  into  which  the  patient  breathes.  The  quantity 
required  to  produce  anaesthesia  will  depend  upon  the  age,  characteristics, 
and  general  physique  of  the  subject,  the  method  by  which  the  drug  is 
given,  and  the  extent  to  which  air  is  permitted  to  dilute  the  vapor.  Like 
nitrous  oxide,  a  comparatively  small  quantity  will  produce  a  powerful 
effect  if  the  air  is  restricted  and  rebreathing  be  freely  employed.  If  the 
inhaler  with  a  bag  is  used,  1-2  ccm.  will  usually  be  sufficient  to  produce 
anaesthesia  in  children,  and  2-3  ccm.  will  anaesthetize  most  adults ;  4  -  5 
ccm.  may  be  required  for  very  strong  men.  When  it  is  administered  by 
the  closed  method,  anaesthesia  is  produced  in  a  few  seconds.  It  is  impor- 
tant to  remember  that  anaesthesia  may  deepen  after  the  removal  of  the 
inhaling  apparatus,  because  of  the  continued  absorption  of  the  vapor  from 
the  lower  air  passages.  This  is  particularly  true  in  children,  especially  if 
there  is  any  obstruction  to  breathing,  such  as  is  commonly  present  in 
patients  with  hypertrophied  tonsils  and  adenoids.  Narcosis  is  so  rapidly 
induced  that  is  is  difficult  or  impossible  to  recognize  any  stage  or  degree 
in  the  administration.  After  a  few  breaths  there  may  be  a  moment  of 
exhilaration;  then  consciousness  is  suddenly  lost.  Occasionally  a  short 
period  of  struggling  occurs.  If  stertorous  respiration  develops  the  ad- 
ministration should  be  stopped  or  more  air  allowed. 

The  color  of  the  patient  does  not  change  during  full  narcosis;  con- 
sequently it  can  be  readily  seen  that  the  limit  of  safety  may  be  over- 
stepped, and  the  patient  plunged  into  a  dangerously  deep  degree  of  nar- 
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costs  without  any  warning  symptom.  Its  administration  is  especially 
dangerous  as  a  preliminary  to  chloroform  anaesthesia,  because  both  drugs 
markedly  depress  the  circulation.  When  it  is  used  as  a  preliminary  to 
ether  anaesthesia,  it  is  advisable  to  add  the  ether  slowly  while  still  admin- 
istering the  ethyl  chloride,  as  is  practised  in  the  nitrous  oxide-oxygen-ether 
sequence. 

The  use  of  ethyl  chloride  has  been  practically  restricted  to  short  opera- 
tions or  incomplete  narcosis,  or  to  inducing  anaesthesia  before  giving 
ether.  The  margin  of  safety  between  the  stage  of  surgical  anaesthesia 
(muscular  relaxation)  and  a  lethal  dose  is  too  small  for  its  employment 
as  a  general  anaesthetic  agent.  By  dentists  it  has  been  quite  extensively 
employed  for  extraction,  opening  abscesses,  preparing  sensitive  cavities, 
and  removing  pulps.  Headaches,  nausea,  and  vomiting  are  more  apt  to 
follow  the  administration  of  ethyl  chloride  than  of  nitrous  oxide.  Its 
only  advantage  over  nitrous  oxide  is  that  it  is  more  easily  portable  and 
requires  no  special  apparatus  for  its  administration.  On  the  other  hand, 
nitrous  oxide-oxygen  may  be  administered  continuously  for  hours  with- 
out any  untoward  effects.  There  has  been  a  considerable  diminution, 
recently,  rather  than  an  extension,  in  the  use  of  ethyl  chloride,  due  to  the 
numerous  accidents  that  have  occurred  under  its  influence.  There  is 
good  reason  to  believe  that  the  risk  attending  its  administration  is  con- 
siderably greater  than  was  at  first  supposed.  Authorities  are  now  quite 
generally  of  the  opinion  that  ethyl  chloride  is  as  dangerous  as  chloroform. 
Statistics  would  seem  to  prove  that  its  mortality  rate  is  from  i  in  2,000 
to  I  in  3,000.  Lee's  report,  based  on  5,575  administrations  in  the  Penn- 
sylvania Hospital,  shows  five  deaths,  a  mortality  of  about  i  in  1,000. 
Though  small  doses  may  increase  the  force  of  respiration  and  raise  blood 
pressure,  large  doses  depress  both  functions,  producing  an  irregular  pulse 
and  rapid  respiration.  Death  is  due  to  respiratory  failure  which  precedes 
cardiac  failure. 

Ethyl  bromide  is  a  transparent,  colorless,  volatile  liquid,  of  a  sweetish 
odor  and  pungent  taste.  When  it  is  administered  with  a  closed  inhaler, 
anaesthesia  is  produced  in  about  sixty  seconds,  and  recovery  is  correspond- 
ingly speedy.  From  4  to  6  ccm.  are  placed  in  the  inhaler  and  little  or  no 
air  is  admitted  for  the  first  few  inhalations,  after  which  the  air  cap  of  the 
apparatus  may  be  opened.  Ethyl  bromide  is  decomposed  by  air  and  light, 
and  therefore  should  be  kept  in  hermetically  sealed  dark-colored  bottles. 
It  has  the  same  physiological  effects  as  ethyl  chloride.  It  does  not  produce 
muscular  relaxation  unless  the  anaesthesia  is  very  profound.  The  acci- 
dents which  have  been  reported  under  its  use  have  been  sudden,  early  car- 
diac failure  and  respiratory  paralysis.  It  has  never  been  employed  to  a 
very  great  extent,  but  sufficient  statistics  have  been  collected  to  indicate 
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that  it  is  more  dangerous  than  chloroform.  As  compared  with  nitrous 
oxide  it  is  distinctly  inferior,  not  only  in  point  of  safety,  but  in  the  greater 
liability  to  unpleasant  after-effects,  such  as  headaches  and  nausea. 

ANESTHETIC  MIXTURES 

A  large  number  of  mixtures  of  various  anaesthetics  have  been  recom- 
mended from  time  to  time.  They  are  much  more  popular  in  England 
and  continental  Europe  than  they  are  in  this  country.  The  most  common 
are  the  so-called  A.  C.  E.  mixture,  composed  of  one  part  of  alcohol,  two 
of  chloroform,  and  three  of  ether;  the  Billroth  mixture,  composed  of 
one  part  of  alcohol,  three  of  chloroform,  and  one  of  ether;  and  the 
Vienna  mixture,  consisting  of  one  part  of  chloroform  and  three  of  ether. 

It  was  supposed  that  the  alcohol  antagonized  any  depression  produced 
by  the  anaesthetic,  increased  the  stupefying  effects  of  the  ether  and  chloro- 
form, and  also  prevented  a  too  concentrated  chloroform  vapor  from  being 
respired,  thereby  counteracting  any  tendency  to  circulatory  depression. 
A  better  knowledge  of  the  physiological  action  of  alcohol  has  proved  the 
idea  to  be  fallacious.  The  number  of  accidents  under  the  use  of  these 
mixtures  is  very  considerable,  and  they  are  by  no  means  as  safe  as  ether 
alone,  although  perhaps  less  dangerous  than  chloroform  alone. 

The  objection  to  such  mixtures  is  that  the  constituents  have  not  the 
same  rate  of  vaporization.  The  more  volatile  agent  will  vaporize  first 
leaving  the  less  volatile  to  be  respired  subsequently.  Further,  the  more 
volatile  the  anaesthetic,  the  less  there  will  be  absorbed  by  the  blood  in  a 
given  time,  and  the  more  rapid  will  be  its  elimination.  Chloroform  has  a 
high  boiling  point  and  consequently  is  rapidly  absorbed  and  slowly  elimi- 
nated, owing  to  the  temperature  of  the  blood  being  below  its  evapora- 
tion point,  while  the  contrary  is  true  of  ether.  The  A.  C.  E.  mixture  has 
given  results  very  similar  to  those  of  chloroform,  especially  when  the 
supply  of  air  has  been  limited. 

THE  USE  OF  SEDATIVES  BEFORE  AN-ffiSTHESIA 

There  is  a  wide  disagreement  among  competent  anaesthetists  and  sur- 
geons upon  the  wisdom  of  giving  alkaloidal  sedatives  before  anaesthesia. 
In  some  clinics  the  use  of  morphine  with  atropine  before  the  administra- 
tion of  an  anaesthetic  is  a  routine  procedure ;  in  other  clinics  atropine  alone 
is  used ;  and  in  still  others  no  preliminary  medication  whatever. 

Atropine,  as  is  well  known,  checks  all  the  glandular  secretory  activi- 
ties. It  is  used  for  its  inhibitory  effects  on  the  secretion  of  mucus  in  the 
upper  respiratory  tract,  both  to  prevent  the  accumulation  of  mucus  which 
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may  act  as  an  obstruction  to  free  respiration,  and  to  lessen  the  likelihood 
of  its  aspiration  into  the  trachea  and  bronchi.  Sometimes  its  administra- 
tion is  of  distinct  advantage,  but  in  a  majority  of  cases  turning  the  patient's 
head  to  one  side  will  permit  the  excessive  secretion  to  escape  from  the 
mouth,  and  obviate  the  danger  of  its  aspiration  into  the  air  passages. 

The  advantages  urged  in  favor  of  morphine  are  that  it  allays  the 
apprehension  of  the  nervous  patient,  and  renders  the  psychic  element  of 
less  importance;  that  it  makes  the  induction  of  anaesthesia  easier;  and 
that  it  renders  possible  the  maintenance  of  complete  anaesthesia  with  a 
smaller  quantity  of  anaesthetic.  Those  opposed  to  the  use  of  morphine 
argue  that  these  advantages  are  of  slight  importance  compared  to  the 
disadvantages  incurred ;  that  by  the  use  of  tactful  suggestion  the  patient's 
fears  may  be  readily  allayed ;  that  by  giving  the  anaesthetic  slowly,  anaes- 
thesia may  usually  be  induced  without  resistance  on  the  part  of  the  patient; 
and  that  the  use  of  a  slightly  increased  quantity  of  anaesthetic  is  far  less 
important  than  the  administration  of  a  concentrated  anaesthetic  for  a 
brief  time.  The  disadvantages  of  giving  morphine  are :  ( i )  that  it  de- 
presses respiration,  thereby  rendering  anaesthesia  more  hazardous,  and 
prolonging  the  period  of  recovery  because  of  retarded  elimination  of 
the  anaesthetic;  (2)  that  it  abolishes  the  pupillary  reflex,  an  important 
guide  to  the  degree  of  narcosis;  (3)  that  it  frequently  causes  post-opera- 
tive nausea  and  vomiting.  Because  of  these  disadvantages  the  author 
prefers  to  dispense  altogether  with  the  use  of  sedatives  before  anaesthesia. 

PREPARATION  OF  THE  PATIENT  FOR  GENERAL 

ANESTHESIA 

To  secure  an  ideal  anaesthetization,  it  is  essential  that  attention  be 
paid  to  details  before  and  during  the  administration  of  anaesthetics.  This 
is  important  in  the  so-called  minor  as  well  as  in  major  operations.  It  is  a 
generally  accepted  fact  that  the  best  time  for  the  administration  of  an 
anaesthetic  is  in  the  morning.  Patients  are  not  only  fresher  and  brighter 
after  the  night's  rest,  but  the  stomach  is  empty  and  in  a  state  of  quiescence. 

When  operation  is  not  urgent  a  twenty-four  hour  specimen  of  urine 
should  be  secured  in  order  to  determine  if  the  normal  amount  of  urine  is 
being  secreted,  for  renal  complications  seem  to  appear  more  frequently 
in  patients  with  scanty  urine.  When  a  lessened  secretion  is  not  due  to  a 
nephritis,  the  free  administration  of  pure  or  an  alkaline  water  in  order  to 
flush  the  kidneys  will  be  of  advantage.  The  urine  should  be  examined 
microscopically  for  blood ,  granular,  waxy,  or  hyaline  casts ;  and  chemi- 
cally for  albumen,  sugar,  acetone,  and  diacetic  acid.  Before  the  patient 
is  taken  to  the  operating  room,  a  careful  physical  examination  should  be 


48  GENERAL  ANESTHESIA 

made  of  the  chest  as  a  matter  of  routine.  The  circulatory  system  in 
patients  past  middle  life  should  receive  special  attention.  When  opera- 
tion is  not  urgent,  rest  and  treatment  to  improve  the  heart  condition  may 
be  indicated  before  operative  measures  are  undertaken.  If  the  blood 
pressure  is  abnormally  high,  it  should  be  brought  to  approximately  nor- 
mal limits  by  rest  and  proper  dietic  treatment. 

On  the  day  preceding  the  operation,  there  should  be  as  little  deviation 
as  possible  from  the  usual  routine.  Purging  and  too  strict  limitation  of 
the  diet  before  operation  are  not  to  be  recommended,  as  they  exhaust  the 
patient  and  disturb  metabolism.  Unless  the  bowels  have  been  moving 
freely  it  is  usually  advisable  to  administer  a  mild  laxative  the  preceding 
night,  or  an  enema  several  hours  before  the  time  set  for  operation.  The 
salines  are  best  avoided  because  watery  stools  dehydrate  the  patient. 
Patients  in  good  health  may  be  allowed  their  usual  meals ;  but  it  has  been 
observed  that  if  carbohydrates  are  given,  with  a  restriction  of  other  foods, 
there  is  less  likely  to  be  vomiting  or  the  development  of  acidosis.  Glucose 
is  valuable  as  a  food  and  helps  to  combat  acid  intoxication.  It  may  be 
given  with  water  and  lemon  juice  for  several  days  before  operation,  and 
by  rectum  or  intravenously  (2.4  per  cent)  following  operation,  espe- 
cially in  cases  of  delayed  chloroform  poisoning.  In  cases  of  toxaemia, 
especially  in  victims  of  a  subacute  or  chronic  affection,  more  sugar  than 
can  be  given  by  mouth  should  be  administered.  In  such  cases  rectal 
administration  of  6  per  cent  anhydrous  dextrose  by  the  drip  method 
often  gives  good  results.  If  the  urine  contains  acetone  and  diacetic  acid, 
an  alkaline  treatment  should  be  instituted  for  at  least  twenty-four  hours 
before  operation.  The  production  of  incompletely  oxidized  acids  is  not 
influenced  by  alkali,  but  by  saturating  the  patient  till  the  urine  is  dis- 
tinctly alkaline  the  retained  acetone  bodies  will  be  eliminated.  The 
quantity  of  alkali  which  is  required  to  make  the  urine  alkaline  is  an  indi- 
cation of  the  amount  of  acetone  present  in  the  body.  Bicarbonate  of 
soda  may  be  given  in  from  five  to  ten  grain  doses  with  water  every  two 
or  three  hours.  Fruit  juices  are  oxidized  into  carbonates  and  conse- 
quently represent  an  alkali  administration. 

As  a  general  rule,  no  solid  food  should  be  taken  for  at  least  six  hours 
before  the  administration  of  a  general  anaesthetic,  since  an  empty  stomach 
is  one  of  the  most  efficient  preventatives  of  vomiting  during  or  after  the 
administration  of  an  anaesthetic.  The  author  has  never  seen  any  difficulty 
attributable  to  a  six  or  eight  hour  fast,  but  has  frequently  met  with 
difficulties  of  a  respiratory  character  due  to  the  presence  of  undigested 
food  in  the  stomach.  A  smooth,  even  anaesthesia  is  almost  impossible 
with  a  distended  stomach,  as  respiration  is  more  or  less  hampered,  relaxa- 
tion of  the  abdominal  muscles  is  delayed,  and  unless  the  patient  is  pro- 
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foundly  anaesthetized  there  will  be  retching  or  vomiting,  with  the  added 
danger  of  aspirating  pieces  of  undigested  food  into  the  bronchi,  with  a 
resulting  pneumonia,  lung  abscess,  or  immediate  death  through  strangula- 
tion. Debilitated  patients  may  be  allowed  small  quantities  of  easily 
digested  food,  as  gruels  of  barley  or  rice,  up  to  within  three  or  four  hours 
of  the  operation.  These  carbohydrates  have  the  advantage  over  animal 
broths  in  that  they  materially  assist  in  the  storing  of  glycogen  in  the  liver. 
Infants  should  be  nursed  to  within  two  or  three  hours  of  the  operation. 

The  bladder  should  always  be  emptied  before  narcosis  is  induced. 
Whether  the  patient  should  void  or  be  catheterized  will  depend  upon  the 
judgment  of  the  operator.  Many  surgeons  feel  that  there  is  an  added 
danger  of  a  possible  bladder  infection  from  catheterization. 

Before  a  general  anaesthetic  the  patient  should  be  directed  to  rinse 
the  mouth  and  throat  carefully  with  some  antiseptic  solution,  such  as 
peroxide,  one  part  to  three  of  water,  or  a  weak  solution  of  alcohol.  This 
precaution  is  especially  important  in  individuals  who  have  bad  teeth  and 
those  who  have  tonsillar  infections.  The  mouth  should  be  examined  for 
artificial  or  loose  teeth  or  foreign  bodies,  such  as  tobacco,  chewing  gum, 
etc.  The  danger  of  aspirating  these  bodies  into  the  larynx  or  lungs  with 
serious  consequences  is  obvious.  The  clothing  about  the  neck  and  chest 
should  be  loosened  in  order  that  it  may  not  impair  respiration  or  interfere 
with  the  circulation  in  the  great  vessels  of  the  neck. 

In  operations  upon  the  stomach  this  organ  should  be  carefully  washed 
out  by  means  of  the  stomach  tube  and  pure  water  or  saline  solution. 
The  operation  is  thus  made  much  easier  and  the  danger  of  infection 
through  leakage  is  greatly  lessened.  In  emergency  operations  the  stomach 
may  be  emptied  through  the  stomach  tube  if  solid  food  has  been  eaten 
within  five  or  six  hours. 

DIFFERENT  METHODS  OF  PRODUCING  AN-ffiSTHESIA 

The  diflFerent  methods  for  the  induction  and  maintenance  of  ether 
anaesthesia  are  the  inhalation,  venous  or  arterial,  and  rectal.  The  most 
convenient  and  reliable  channel  for  the  introduction  of  anaesthetic  agents 
into  the  organism  is  undoubtedly  through  the  respiratory  passages.  In 
inhalation  anaesthesia,  as  the  term  indicates,  the  anaesthetic  is  breathed, 
and  enters  the  system  through  the  lungs.  It  may  be  delivered  to  the 
patient  by  the  open,  valvular,  closed  or  rebreathing,  intrapharyngeal  and 
intratracheal  methods. 

Open  Ether.  In  the  open  method,  a  copious  quantity  of  atmos- 
pheric air  gains  access  to  the  lungs  throughout  the  anaesthesia  and  all 
expirations  escape  into  the  surrounding  air.    At  the  same  time  the  method 
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permits  the  aniesthetist  to  administer  adequate  quantities  of  ether  vapor. 
The  term  "semi-open"  is  applied  when  a  limited  amount  of  air  is  admitted. 
A  4  or  8  ounce  can  of  ether,  the  size  depending  on  the  estimated  time 
required  for  the  operation,  is  fitted  with  a  cork,  into  the  opposite  sides 
of  which  two  grooves  of  unequal  size  are  cut.    In  the  larger  of  the  two 


Fig.  I.    Anesthetic  Screen, 

grooves  is  placed  a  wick  of  cotton  which  reaches  nearly  to  the  bottom 
of  the  can  and  extends  about  an  inch  beyond  the  cork.  If  the  cork  and 
wick  are  properly  arranged,  a  full,  steady  drop  will  be  secured.  The 
rate  of  drop  can  be  controlled  by  the  angle  at  which  the  can  is  tipped. 

Before  the  administration  is  begun,  the  patient  is  told  to  breathe  nat- 
urally and  not  to  force  respiration.  While  the  mask  is  held  away  from 
the  face  the  ether  is  slowly  dropped  on  various  points  of  the  cover.  As 
the  patient  becomes  accustomed  to  the  odor  the  mask  is  gradually  lowered 
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till  it  rests  on  the  face.  The  rate  of  dropping  is  now  increased  until  the 
entire  cone  cover  is  moist.  In  a  few  minutes  a  piece  of  gauze  is  placed 
around  the  cone,  or  the  cone  may  rest  on  a  gauze  ring  pad  which  encircles 
the  nose  and  mouth,  to  shut  out  the  air  which  passes  under  it ;  thus  all 
the  air  which  the  patient  receives  is  more  or  less  impregnated  with  ether 
vapor.  When  the  cone  cover  is  too  thick,  as,  for  example,  when  two 
layers  of  stockinet  and  ten  or  twenty  layers  of  gauze  are  used,  the  method 
ceases  to  be  open  and  may  be  termed  the  semi-closed  method.  With  the 
latter  technique  more  ether  is  required  to  moisten  the  cover,  and  the 
patient's  exhalations  to  a  considerable  degree  are  retained  within  the  cone, 
and  are  reinhaled.  The  oxygen  supply  is  thereby  greatly  diminished,  the 
effect  of  which  is  shown  by  more  or  less  cyanosis.  Two  layers  of  fine, 
closely-woven  stockinet,  or  its  equivalent  in  gauze,  should  cover  the  mask. 
If  the  cover  is  too  thin,  it  is  difficult  or  impossible  to  induce  and  maintain 
ansesthesia.  The  ether  should  be  dropped  continually  on  the  cone.  If  the 
dropping  is  suspended  till  signs  of  returning  consciousness  appear,  an 
uneven  narcosis  results.  Intermittent  administration  has  the  further 
disadvantage  or  danger  of  administering  a  too  concentrated  vapor  in 
the  attempt  to  get  the  patient  under  again.  It  should  be  remembered 
that  a  concentrated  vapor  will  do  more  injury  to  lung  epithelium  in  a 
few  minutes  than  a  dilute  vapor  will  do  during  a  long  anaesthesia.  It 
has  been  shown  that  a  6  or  7  per  cent  vapor  is  the  greatest  concentration 
which  can  be  inhaled  without  irritation  to  the  mucous  membrane  of  the  air 
passages  and  the  alveolar  epithelium. 

The  depth  of  narcosis  is  controlled  by  the  amount  of  ether  dropped  on 
the  cone  and  can  be  varied  to  suit  the  operation.  To  have  the  cone 
more  than  saturated  is  a  waste  of  ether,  as  it  will  run  off  the  cover.  When 
the  proper  technique  of  the  open  method  of  etherization  is  carried  out, 
narcosis  develops  along  the  lines  of  natural  sleep,  and  it  is  a  rare  excep- 
tion not  to  have  a  smooth  anaesthesia  with  relaxed  muscles  and  perfect 
oxygenation  throughout  the  most  difficult  operation.  Contrary  to  the 
teachings  of  some  anaesthetists,  we  have  no  hesitancy  in  saying  that,  bar- 
ring operations  which  call  for  insufflation  (intrapharyngeal,  intratra- 
cheal) anaesthesia,  the  open  method  is  suitable  for  any  patient  or  any 
operation  in  which  ether  is  the  anaesthetic  of  choice.  The  author  has 
employed  it  with  equally  good  results  at  ages  ranging  from  thirty-six 
hours  (spina  bifida)  to  ninety-six  years  (carcinoma  of  the  face)  ;  and  in 
all  conditions  of  health  from  the  marasmic  infant  to  the  athlete,  from 
the  frail  patient  suffering  with  severe  heart  lesions  to  the  obese  alcoholic. 
Observation  has  clearly  demonstrated  that  trouble  during  induction  and 
maintenance  is  invariably  due  to  faulty  technique  and  not  to  the  open 
method  of  etherization. 
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One  of  the  greatest  advantages,  if  not  the  greatest,  which  this  method 
possesses  is  the  large  amount  of  oxygen  which  the  patient  constantly 
receives.  This  fact  is  readily  determined  by  observing  the  ears,  face,  and 
color  of  the  blood.  Blood  oxygenation  is  normal  throughout  the  narcosis, 
so  that  the  toxic  effects  of  the  anaesthetic  are  reduced  to  a  minimum. 

The  difference  in  anaesthesia  as  maintained  by  the  open  and  closed 
methods  is  quite  apparent.  When  an  asphyxial  factor  is  introduced,  the 
accessory  muscles  of  respiration  assist  in  the  effort  to  obtain  a  sufficient 
supply  of  oxygen.  The  result  is  labored  breathing  with  more  or  less 
heaving  abd(;minal  movements.  The  presence  of  anoxaemia  is  evidenced 
by  the  congestion  of  the  venous  system,  shown  by  the  bluish  color  of  the 
ears,  lips,  cheeks,  and  blood.  The  respiratory  tract  is  especially  affected 
by  the  general  venous  engorgement,  which  increases  the  size  of  the  tongue 
and  surrounding  structures,  and  thus  produces  a  mechanical  obstruction 
which  is  further  aggravated  by  the  increased  flow  of  mucus.  Closed  ether 
administration  is  particularly  unsuitable  for  florid,  stout  persons,  who 
become  alarmingly  cyanosed  when  subjected  to  air  limitation.  When, 
on  the  other  hand,  an  abundance  of  air  or  oxygen  is  allowed,  there  is  no 
congestion  of  the  capillary  vessels,  and  consequently  there  is  little  oozing 
of  venous  blood  from  the  wound.  The  pulse  is  of  good  volume  and 
blood  pressure  is  well  maintained. 

Closed  or  rebreathing  method.  The  apparatus  used  in  the 
closed  or  rebreathing  method  as  a  rule  contains  no  valves,  but  is  arranged 
with  stop  cocks,  which  are  under  the  control  of  the  administrator.  At- 
tached to  the  faccpiece  is  a  bag.  into  and  out  of  which  the  patient 
breathes,  the  air  supply  being  intentionally  restricted,  and  the  expiratory 
products  retained  for  rebreathing.  There  is  a  progressive  change  in  the 
composition  of  the  imprisoned  air  in  the  bag  corresponding  to  the  dura- 
tion of  the  to-and-fro  breathing.  The  admission  of  fresh  air  or  oxygen 
must  be  regulated  according  to  the  susceptibility  of  the  patient  to  the 
anaesthetic.  Rapid  and  labored  respiration,  especially  a  strained  form 
of  expiration,  cyanosis,  and  stertor  are  indications  for  more  oxygen.  It 
should  not  be  forgotten  that  the  anoxaemic  factor  is  almost  as  powerful 
as  the  ether  factor  in  this  method  of  anaesthesia,  and  therein  lies  the 
chief  objection  to  the  method.  The  patient  should  be  slowly  anaesthe- 
tized by  ether  and  a  large  amount  of  atmospheric  air,  and  not  by  ether 
and  his  exhaled  carbon  dioxide. 

Catch's  studies  led  him  to  the  conclusion  that  "the  severity  of  the 
pulmonary  lesions  found  after  experimental  etherization  by  the  closed 
method  could  be  satisfactorily  accounted  for  by  the  great  concentration 
of  the  ether  vapor  and  the  greater  liability  to  aspirate  mouth  contents 
when  they  are  used."     Dresser  found  that  "the  ether  vapor  within  the 
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closed  mask  sometimes  reached  a  concentration  as  high  as  thirty-four 
per  cent,  while  six  or  seven  per  cent  is  the  strongest  concentration  which 
can  be  inhaled  without  irritation  to  the  air  passages."  He  regards  any 
concentration  of  vapor,  which  cannot  be  inhaled  by  a  conscious  patient 
without  coughing,  as  harmful  to  the  lung  epithelium.  Poppert  likewise 
concluded  from  his  experiments  that  the  greater  the  ether  concentration, 
the  more  irritating  to  the  lungs.  Offergeld  (^')  studied  the  pathological 
changes  in  the  lungs  which  occurred  after  an  etherization  lasting  from 
seventy  to  eighty  minutes.  His  results  were  obtained  in  guinea-pigs, 
rabbits,  and  cats,  after  using  the  closed  method,  a  mixture  of  ether  and 
oxygen,  and  the  open  method.  The  animals  which  did  not  die  were 
killed  at  various  periods  after  the  narcosis.  With  a  closed  administration 
some  of  the  animals  died  within  a  few  days  from  bronchopneumonia. 
In  others  who  were  killed  in  two  or  three  days  the  lungs  showed  patches 
of  bronchopneumonia,  fatty  degeneration  desquamation  of  bron- 
chial epithelium  and  haemorrhage  into  the  alveoli.  None  of  the  animals 
that  were  given  ether  and  oxygen  died.  If  killed  at  the  end  of  the  first 
day,  patches  of  consolidation,  with  some  blood  and  desquamation  of 
epithelium  in  the  bronchi,  were  present.  With  the  open  method  there 
were  no  deaths,  and  necropsy  two  days  after  the  anaesthesia  showed 
a  perfectly  normal  condition  of  the  lungs.  When  the  closed  method  was 
used,  it  required  four  days  for  the  mildest  cases  to  repair. 

In  the  valvular  method  of  anaesthesia,  inspiratory  and  expiratory 
valves  are  present  in  the  inhaling  apparatus.  When  ether  or  chloroform 
is  administered,  the  drug  is  vaporized  by  passing  atmospheric  air  or 
oxygen  over  or  through  it.  In  this  method,  each  inspiration  contains  a 
quantity  of  the  vapor,  and  each  expiration  escapes  into  the  atmosphere. 
Asa  rule,  the  percentage  of  the  anaesthetic  vapor  may  be  estimated.  This 
is  especially  true  when  a  gas,  as  nitrous  oxide,  is  being  administered. 

There  are  various  ingenious  instruments  by  means  of  which  definite 
percentage  mixtures  of  ether  or  chloroform  vapors  and  air  or  oxygen 
can  be  given.  Karl  Connell  (^®)  has  devised  an  apparatus,  the  "anaes- 
thetometer,"  which  undoubtedly  comes  the  nearest  to  being  ideal  of  any 
apparatus  now  in  use  for  estimating  the  amount  of  air  passing  and  the 
percentage  of  ether  vaporized.  It  must  be  remembered,  however,  that 
the  needs  of  the  patient  vary  during  diflferent  stages  of  the  operation, 
and  no  device,  however  perfect,  can  supplant  the  watchful  care  of  the 
trained  anaesthetist. 

Intrapharyngeal  anaesthesia.  Narcosis  is  established  in  the  usual 
manner  by  inhalation  with  the  cone.  A  fairly  firm  rubber  catheter,  the 
size  of  which  wHll  vary  with  the  age  of  the  patient,  is  passed  well  into 
the  posterior  pharynx.    If  it  is  too  long,  there  is  danger  of  its  passing 
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into  the  cesophagus  and  forcing  the  vapor  into  the  stomach ;  on  the  other 
hand,  if  it  does  not  extend  through  the  nose,  it  is  difficult  or  impossible 
to  keep  the  patient  asleep.  If  the  distance  between  the  al^  of  the  nose 
and  the  auditory  meatus  is  measured  on  the  catheter,  and  this  length 
passed  into  the  nose,  it  will  be  in  the  proper  position.  The  author  has 
observed  in  passing  the  catheter,  that  it  meets  with  a  slight  resistance 


Fig.  za,    Motob-bhiven  Pump  for  Use  in  InTRAPHARVNGEAt  Anesthesia. 

at  a  certain  point  in  its  passage,  which  is  the  posterior  pharyngeal  wall. 
If  it  is  introduced  about  2  inches  further,  it  will  be  in  proper  position. 
The  catheter  should  be  moistened  with  sterile  water,  or  lubricated  with 
some  sterile  oil  before  the  introduction,  otherwise  there  is  danger  of 
injuring  the  nasal  mucosa.  When  the  catheter  is  properly  adjusted,  it 
may  be  held  in  position  by  a  strip  of  adhesive  plaster  across  the  forehead. 
A  single  catheter  may  be  used,  or  one  for  each  side  of  the  nose,  attached 
to  the  vapor  tulx;  by  a  Y-connection,  The  vapor  may  also  be  passed 
through  a  tongue  depressor  or  mouth  gag  made  for  the  purpose.  The 
author  has  devised  metal  tubes  of  various  lengths,  bent  at  the  proper 
angle  to  direct  the  vapor  into  the  posterior  pharynx  when  placed  in  the 
angle  of  the  mouth.    These  tubes  have  many  advantages  over  the  nasal 
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catheter  in  nose,  harelip,  and  cleft  palate  operations.  The  tube  or  cathe- 
ter should  not  be  introduced  till  the  pharyngeal  reflexes  are  abolished; 
otherwise  the  vapor  will  cause  spasm  or  coughing.  Should  either  of 
these  occur  the  catheter  should  be  left  in  position,  but  the  vapor  stopped 
and  more  ether  given  by  the  drop  method. 

Intrapharyngeal  anaesthesia  is  indicated  in  any  operation  about  the 
head,  the  nature  of  which  prevents  the  use  of  a  cone,  such  as  operations 
upon  the  jaw,  tongue,  lip,  palate,  tonsils,  or  nose.    It  may  be  used  to 
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advantage  in  cerebellat  tumoi  operations  or  in  other  operations  necessi- 
tating the  prone  position. 

Intratracheal  anaesthesia.  In  intratracheal  insufflation,  the  ether 
vapor  is  delivered  through  a  tube  directly  into  the  trachea  a  short  distance 
from  the  bifurcation.  The  use  of  a  catheter  about  half  the  size  of  the 
glottis  permits  the  expired  air  to  escape  around  it,  and  thus  respiration  is 
accomplished.  A  more  dilute  vapor  is  administered  than  is  given  in  the 
intrapharyngeal  method,  because  a  sufficient  volume  of  air  or  oxygen 
under  proper  pressure  ( 15  -  20  mm.  of  mercury)  must  be  allowed  for  the 
respiratory  needs  of  the  patient.  This  provision  is  especially  necessary  to 
prevent  the  lungs  from  collapsing  when  the  intrathoracic  pressure  is  di- 
minished during  thoracic  operations.  The  pressure  is  released  at  regular 
intervals,  in  order  to  allow  the  lungs  to  contract  as  in  normal  respiration. 

Anaesthesia  is  induced  by  the  ordinary  drop  method  till  the  pharyn- 
geal reflexes  are  abolished.  With  the  patient  lying  on  his  back,  the 
head  is  extended  so  that  the  chin  is  on  a  line  with  the  sternum.  The 
Jackson  laryngoscope,  fitted  with  a  small  dry  battery  in  the  handle,  is 
passed  over  the  upper  surface  and  base  of  the  tongue  until  the  epiglottis 
is  brought  into  view.  A  fairly  firm  catheter  about  half  the  diameter  of 
the  glottis,  marked  26  cm.  from  the  tip,  and  with  a  side  opening  near  the 
end,  is  passed  through  the  laryngoscope  into  the  glottis  up  to  the  mark. 
which  should  be  even  with  the  incisor  teeth.  In  the  normal  patient  the 
catheter  will  reach  to  within  about  5  cm.  of  the  tracheal  bifurcation, 
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The  distance  between  the  glottis  and  bifurcation  is  generally  about  equal 
to  the  distance  between  the  incisor  teeth  and  the  glottis. 

As  the  catheter  passes  into  the  trachea,  there  is  a  hissing  sound.  If 
the  anaesthesia  is  light,  a  more  or  less  violent  attack  of  coughing  ensues, 
but  regular  breathing  is  resumed  when  the  ether  vapor  is  forced  into  the 
lungs.  If  the  hissing  sound  is  not  heard,  probably  the  catheter  is  in  the 
oesophagus  instead  of  the  trachea.  When  the  catheter  is  properly  placed, 
the  laryngoscope  is  removed,  a  mouth  prop  is  inserted,  and  the  catheter 
attached  to  the  tube  leading  to  the  vaporizer.  From  this  point,  the 
technique  does  not  differ  from  that  in  the  intrapharyngeal  method, 
except  that  the  pressure  must  be  constantly  observed,  and  the  flow  inter- 
rupted three  or  four  times  a  minute  by  pinching  the  tube. 

Intratracheal  insufflation  provides  for  a  sufficient  aeration  of  the 
lungs,  regardless  of  the  respiratory  movements  of  the  patient,  and  when 
properly  administered  and  safeguarded,  it  can  be  rendered  devoid  of 
intrinsic  danger.  It  is  indicated  in  all  intrathoracic  work,  or  whenever 
the  operation  may  interfere  in  any  way  with  voluntary  respiration- 
Ether,  with  air  or  oxygen,  is  generally  the  anaesthetic  used ;  nitrous  oxide- 
oxygen  may  be  combined  with  the  ether  if  desired. 

Cotton  and  Boothby  (^°)  call  attention  to  the  danger  of  emphysema 
and  of  interference  of  circulation  by  excessive  intrapulmonary  pressure. 
These  authors  claim  that  a  pressure  in  excess  of  lo  mm.  of  mercury  is 
unjustifiably  dangerous.  They  suggest  a  safety  valve  by  means  of  which 
the  intrathoracic  pressure  is  not  permitted  to  exceed  15  mm.  mercury. 
Other  dangers  are  those  of  spraying  liquid  ether  into  the  lungs,  and  of 
introducing  the  tube  into  the  oeophagus  or  beyond  the  bifurcation  of  the 
trachea.  If  too  large  a  catheter  is  used,  the  return  flow  of  air  will  be 
obstructed;  if  the  catheter  is  introduced  too  far,  it  will  partly  or  com- 
pletely occlude  the  bronchus,  and  by  pressure,  destroy  lung  tissue.  This 
possibility  may  be  avoided  by  introducing  it  till  it  meets  the  bifurcation 
of  the  trachea,  and  then  withdrawing  it  about  an  inch.  A  proper  vapori- 
zing apparatus,  good  light  during  the  introduction  of  the  catheter,  and 
ordinary  caution  should  prevent  accidents.  The  greatest  difficulty  in 
this  method  of  anaesthesia  is  the  introduction  of  the  catheter  into  the 
glottis.  Because  of  this  difficulty  the  method  will  never  become  a  popular 
one.    The  only  operations  in  which  it  may  have  an  advantage  over  the  | 

intrapharyngeal  method  are  pulmonary  operations,  with  exposure  of 
both  lungs  to  atmospheric  pressure,  and  intestinal  obstruction,  with  more 
or  less  continuous  vomiting. 

Intravenous  anaesthesia.  Ether  is  soluble  in  physiological  salt 
solution  to  the  extent  of  10.8  per  cent  by  volume.  For  intravenous 
anaesthesia  a  7  per  cent  solution  may  be  used  without  producing  laking  of 
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the  blood  or  haemoglobinuria.  Sterile  Ringer's  solution  may  be  used  in- 
stead of  salt  solution.  It  should  be  kept  at  a  temperature  not  above  80° 
F.,  because  with  the  higher  temperature  the  ether  vaporizes  and  quickly 
escapes. 

Anaesthesia  can  be  obtained  in  two  or  three  minutes,  and  transformed  from  a 
a  light  to  a  deep  narcosis  in  a  few  seconds.  About  a  pint  of  the  solution  is  given 
per  hour.  When  no  premedication  has  been  administered,  the  patient  returns  to 
consciousness  about  as  quickly  as  with  gas  ansesthesia.  The  expired  air  contains 
an  odor  of  ether  in  from  forty  seconds  to  a  minute.  Blood  pressure  is  raised  from 
2  to  24  mm.,  but  returns  to  normal  in  two  or  three  hours. 

The  method  originally  adopted  was  that  of  interrupted  flow ;  when  anaesthesia 
was  produced  the  injection  was  discontinued  until  the  patient  showed  signs  of 
returning  consciousness.  With  this  form  of  administration  there  is  a  tendency 
for  the  blood  to  coagulate  at  the  point  of  the  cannula,  or  for  a  thrombus  to  form  in 
the  vein.  A  greater  amount  may  also  be  introduced  into  the  blood  than  is  required 
to  produce  narcosis.  A  better  method  is  to  give  a  weaker  solution  continuously, 
with  graduation  of  the  rate  of  the  flowing  stream.  Kummel,  in  order  to  avoid 
thrombus  formation,  employed  two  tanks,  one  with  normal  saline  and  the  other 
with  ether  solution,  both  being  connected  with  stop-cocks  and  a  Y-connection, 
so  that  when  one  solution  was  cut  off  the  other  continued  to  flow.  This  method 
was  not  altogether  satisfactory,  as  the  anaesthesia  could  not  be  kept  at  the  same 
level.  In  191 2,  Rood  (2®)  devised  a  simple  and  efficient  apparatus  for  maintaining 
a  continuous  flow,  which  could  be  accurately  controlled  and  kept  at  a  uniform 
temperature. 

For  injecting  the  solution  a  cannula  is  introduced  and  tied  into  a  superficial 
vein,  either  the  median  basilic  or  cephalic  of  the  arm  farthest  from  the  operator,  or 
the  internal  saphenous  at  the  internal  malleolus.  A  needle  of  large  caliber  may  be 
used  instead  of  a  cannula.  The  solution  is  rapidly  introduced  at  first,  the  flow  being 
diminished  as  narcosis  develops.  The  usual  signs  of  anaesthesia  should  be  observed 
and  the  dose  regelated  accordingly.  As  with  other  forms  of  administration,  an 
unobstructed  air-way  and  efficient  respiration  must  be  maintained. 

The  advocates  of  the  intravenous  method  of  etherization  contend  that  by 
introducing  ether  directly  into  the  circulation  a  smaller  amount  is  required  to 
induce  and  maintain  anaesthesia.  In  a  comparison  of  the  amount  used  to  that  used 
in  the  inhalation  method,  the  fact  that  a  considerable  quantity  is  lost  through 
evaporation  and  waste  in  the  latter  method  should  not  be  lost  sight  of.  It 
has  been  shown  experimentally  that  a  certain  ratio  (15  per  cent)  between  the  blood 
and  ether  must  be  maintained,  or  the  degree  of  narcosis  will  vary.  As  the  amount  of 
circulating  fluid  is  increased  by  the  saline  solution  used,  the  amount  of  ether  must 
be  increased  in  proportion  to  the  increased  volume  of  blood.  It  is  claimed  that 
this  method  is  of  special  advantage  in  patients  who  are  likely  to  be  benefited  by 
saline  infusion,  either  because  of  haemorrhage,  shock,  or  low  vitality. 

Objections  to  the  method  are  the  possibility  of  local  infection,  the  danger  of 
septic  thrombosis,  and  the  occurrence  of  more  profuse  bleeding  at  the  site  of 
operation  than  when  inhalation  methods  are  employed.  The  possibility  of  pul- 
monary oedema  during  or  following  anaesthesia,  the  increase  in  blood  pressure  from 
the  injection  of  a  considerable  quantity  of  fluid,  and  the  difficulty  of  administra- 
tion, both  as  to  technique  and  apparatus,  distinctly  limit  its  field  of  usefulness. 
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Rectal  anaesthesia.  Sutton  (")  in  191  o  reported  a  series  of  140 
rectal  anaesthesias.  With  one  exception  the  patients  were  first  anaesthe- 
tized by  inhalation.  Oxygen  was  used  as  a  vehicle  in  25;  12  received 
preliminary  injection  by  morphine  and  scopolamine;  43  had  at  some  time 
during  the  operation  a  supplementary  administration  by  inhalation  of 
chloroform  or  ether.  Twelve  belched  gas  from  the  stomach  in  the 
course  of  the  anaesthesia,  indicating  a  possible  distention  of  the  small 
intestines  with  regurgitation  of  the  gas  from  the  stomach;  43  cases 
vomited;  12  had  abdominal  distress;  5  had  bloody  stools  or  bloody  fluid 
returned  from  the  postansesthetic  enema.  The  most  severe  of  the  cases 
continued  to  pass  blood  for  three  days,  during  which  time  she  vomited 
persistently.     One  case  developed  pneumonia. 

Sutton  says  that  "enough  pressure  must  be  exerted  to  distend  to  a 
moderate  degree  the  entire  colon,  else  the  available  absorbing  surface 
will  be  too  small.  Too  much  pressure  must  not  be  exerted,  lest  by  over- 
distention  the  vessels  of  the  gut  be  flattened  out,  circulation  impeded  or 
abolished,  absorption  minimized,  and  the  ischaemic  mucosa  left  unpro- 
tected bv  its  normal  circulation  to  resist  the  effects  of  the  ether."  The 
method  is  contra-indicated  in  the  presence  of  anal  fistula,  or  any  lesion  of 
the  intestinal  tract  such  as  ulcer,  because  of  the  danger  of  perforation. 
It  is  not  used  for  laparotomies  in  general,  because  of  the  interference  of 
the  inflated  colon  with  the  surgical  work.  It  cannot  be  used  in  emergency 
cases,  because  the  lower  bowel  and  colon  must  be  free  from  all  contents. 

Buxton  gives  the  following  disadvantages  of  this  method  of  narcosis : 
"Colicky  pain  in  the  intestine,  urgent  tenesmus,  diarrhoea,  sometimes 
dysenteric  in  character,  painful  distention  of  the  intestinal  tract,  with 
more  or  less  severe  collapse." 

This  method  of  anaesthesia  has  never  become  popular,  partly  because 
of  the  frequent  necessity  of  employing  inhalation  anaesthesia,  due  to  the 
difficulty  of  maintaining  a  sufficiently  profound  narcosis.  This  objection 
makes  it  prohibitive  in  the  very  cases  in  which  it  has  been  recommended, 
i.e.,  operations  about  the  head  and  neck. 

Ether-oil  colonic  anaesthesia.  The  ether-oil  colonic  anaesthesia 
has  many  advantages  over  the  ether-vapor  rectal  anaesthesia.  Upon 
superficial  observation  the  method  is  so  simple  that  it  has  attracted  the 
unwary.  Upon  close  inspection,  however,  it  is  at  once  evident  that  it  has 
not  only  distinct  limitations  but  also  distinct  disadvantages.  Adults  are 
given  one  ounce  of  a  75  per  cent  solution  of  ether  in  olive  oil  for  every 
twenty  pounds  of  body-weight.  Children  are  given  a  50  or  60  per  cent 
solution.  The  personal  equation  enters  so  largely  into  drug  susceptibility 
that  it  would  appear  hazardous  to  attempt  to  figure  the  dosage  on  the  basis 
of  body-weight  and  age.     Not  to  have  the  anaesthetic  under  immediate 
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control  in  case  of  untoward  accident,  as,  for  example,  in  sudden  severe 
haemorrhage  followed  by  shock,  is  a  distinct  disadvantage.  We  are  told 
that  if  at  any  time  the  patient  shows  signs  of  a  too  profound  anaesthesia,  a 
portion  of  the  mixture  should  be  withdrawn.  While  this  in  itself  is  a 
simple  procedure,  the  disorder  occasioned  by  such  necessity  during  a  major 
operation  must  be  considered.  The  injected  solution  may  not  remain  in 
the  lower  bowel,  especially  if  the  operative  requirements  place  the  patient 
in  the  Trendelenburg  position.  If  the  mixture  passes  high  in  the  colon  or 
reaches  the  caecum,  the  futility  of  an  effort  to  recover  it  quickly  through 
lavage  is  evident.  Inasmuch  as  the  ether  is  excreted  principally  by  the 
lungs,  if  respiratory  depression  developes  less  ether  is  eliminated,  while 
at  the  same  time  it  continues  to  be  absorbed  from  the  rectal  solution,  still 
further  depressing  respiration.  Another  objection  to  the  method  is  the 
inability  to  regulate  the  depth  of  narcosis  to  suit  the  operative  require- 
ments during  the  different  stages  of  the  operation. 

Reports  indicate  that  occasionally  rectal  irritation,  which  may  prove, 
quite  distressing  or  end  in  death,  follows  this  method  of  etherization. 
Dr.  Gwathmey,  the  originator  of  the  method,  gives  the  following  direc- 
tions : 

Castor  oil  is  given  the  night  before,  followed  in  the  morning  by  warm 
water  enemas,  one  hour  apart,  until  the  return  is  clear.  The  patient  may 
then  be  allowed  to  rest  for  two  or  three  hours.  One  hour  before  the 
introduction  of  the  ether  mixture,  5-20  grains  of  chloretone  in  supposi- 
tory, or  dissolved  in  4  drams  of  ether  and  mixed  with  an  equal  amount 
of  olive  oil,  are  given  by  rectum  with  the  patient  in  the  Sims  position. 
For  the  chloretone,  2-4  drams  of  paraldehyde  may  be  substituted  in  an 
equal  amount  of  olive  oil.  Both  the  preliminary  injection  and  the  mix- 
ture should  be  administered  very  slowly  through  a  funnel,  which  is  at- 
tached to  the  end  of  a  well  lubricated  catheter  inserted  four  inches  into 
the  rectum.  Twenty  minutes  before  operation  a  hypodermic  of  1/12  to 
1/4  grains  of  morphine  and  1/200  to  i/ioo  grains  of  atropine  is  given. 

Adults  are  given  a  75  per  cent  mixture  of  ether  in  olive  oil.  The  size 
of  the  dose  is  reckoned  upon  a  basis  of  one  ounce  of  the  mixture  to 
every  20  lbs.  of  body  weight,  i.e.,  a  man  weighing  140  lbs.  would  need  7  oz. 
A  50  or  60  per  cent  solution  is  sufficient  for  children  and  weak  anaemic 
adults.  Eight  ounces  of  the  75  per  cent  mixture  will  cause  the  anaesthesia 
to  last  from  2  to  3  hours.  No  more  than  eight  ounces  should  ever  be 
given,  regardless  of  the  patient's  weight. 

With  the  patient  in  the  Sims  position  in  his  bed,  the  catheter 
is  introduced  about  four  inches  into  the  rectum.  The  oil-ether  mixture 
is  then  allowed  to  flow  in,  allowing  at  least  one  minute  for  each  ounce. 
The  patient  quickly  becomes  drowsy.     Ether  appears  on  the  breath  in 
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from  three  to  four  minutes.  Excitement  may  be  moderate  or  entirely 
absent.  After  from  ten  to  thirty  minutes,  according  to  the  absorptive 
power  of  the  colonic  mucous  membrane,  he  may  be  placed  on  a  stretcher 
and  conveyed  to  the  operating  room. 

The  stage  of  maintenance  is  controlled  by  increasing  or  decreasing 
the  freedom  of  the  respiration,  i.e.,  a  towel  over  the  face  will  prevent 
the  escape  of  the  ether  vapor  and,  by  inducing  rebreathing  of  the  expired 
ether,  cause  the  patient  to  sink  into  deeper  narcosis.  On  the  other  hand, 
an  artificial  air-way  will  lighten  the  anaesthesia  by  increasing  the  freedom 
of  the  respiration. 

Occasionally  it  is  necessary  to  supplant  the  rectal  administration  by 
the  inhalation  method  with  either  ether  or  chloroform.  If,  on  the  other 
hand,  the  respiration  show^s  signs  of  failure  with  cyanosis  or  stertor, 
the  ether  and  oil  injected  should  be  immediately  withdrawn,  by  rein- 
troducing the  catheter  and  allowing  the  retained  solution  to  run  off.  In 
the  event  of  failure  of  the  respiration,  rebreathing  of  carbon  dioxide  may 
be  beneficial.  If  this  should  be  ineffective,  a  vein  may  be  opened  and 
from  i,ooo  to  2,000  ccm.  of  normal  saline  injected  with  a  hope  of  reducing 
the  ether  tension  in  anaesthetized  tissue.  When  the  operation  is  well 
under  way,  it  has  been  found  advisable  to  withdraw  as  much  of  the 
injection  as  may  be  reached  with  the  catheter.  At  the  completion  of 
the  operation  a  cold  soapsuds  enema  is  introduced  high  into  the  colon 
through  one  tube  and  drawn  off  through  another.  From  two  to  four 
ounces  of  olive  oil  should  be  finally  introduced  with  a  view  of  neutralizing 
any  ether  which  may  remain  unexcreted. 

DEGREES  AND  STAGES  OF  ANESTHESIA 

By  carefully  studying  the  effects  produced  by  anaesthetics,  it  has 
been  possible  to  speak  of  the  depth,  degree,  or  stage  of  the  narcosis.  In 
a  general  sense,  three  stages  may  be  recognized:  the  stage  of  light 
anaesthesia,  the  stage  of  deep  anaesthesia,  and  the  stage  of  paralysis  or 
death.  The  depth  or  degree  of  narcosis  may  be  known  by  the  pupillary 
reactions  to  light. 

When  patients  have  been  given  no  hypnotic  drug  as  a  preliminary 
to  anaesthesia,  the  pupillary  reaction  is  the  most  valuable  guide  the  ad- 
ministrator has  as  to  the  depth  or  degree  of  narcosis.  Dilatation  from 
operative  stimuli  is  transient  and  need  not  be  confounded  with  that  pro- 
duced by  the  anaesthetic.  A  dilated  pupil  which  reacts  quickly  to  light 
indicates  a  light  anaesthesia.  A  dilated  pupil  which  reacts  slowly  to 
light  means  a  profound  anaesthesia.  A  pupil  which  is  widely  dilated, 
and  does  not  react  to  light,  shows  a  dangerously  deep  anaesthesia  and 
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imminence  of  respiratory  paralysis.  A  contracted  pupil  indicates  a 
moderate  degree  of  anaesthesia.  In  testing  the  pupillary  reactions,  the 
amount  of  light  which  strikes  the  pupil  must  be  taken  into  account. 
Naturally,  if  the  light  is  dull,  the  reaction  will  not  be  so  active.  When 
elevating  the  lid,  the  finger  should  be  gently  but  firmly  pressed  close 
to  the  margin,  and  the  lid  suddenly  raised.  If  the  lid  is  slowly  brought 
up  and  the  narcosis  very  light,  the  reaction  may  be  lost.  When  there  is 
any  resistance  to  manipulating  the  lid,  the  anaesthesia  is  very  light, — ^too 
light  for  operative  work. 

The  depth  or  degree  of  narcosis  must  correspond  to  the  operative 
requirements.  Different  operations  and  different  periods  of  the  same 
operation  require  different  degrees  of  anaesthesia.  Generally  speaking, 
patients  in  good  condition  may  be  safely  kept  in  a  state  of  deep  narcosis. 
The  rigidity  due  to  a  light  anaesthesia  in  intra-abdominal  operations 
is  frequently  a  severe  handicap  to  the  surgeon,  sometimes  making  the 
completion  of  the  operation  well-nigh  imix)ssible.  Robust  patients  are 
more  apt  to  exhibit  reflex  phenomena  in  response  to  intra-abdominal 
stimuli  than  weakly  subjects.  Manipulations  within  the  upper  part 
of  the  abdominal  cavity  have  a  tendency  to  bring  about  a  characteristic 
expiratory  "grunt."  Manipulation  in  the  neighborhood  of  the  solar 
plexus,  traction  on  the  omentum,  and  similar  procedures  may  cause  sud- 
den circulatory  depression,  the  symptoms  of  which  are  likely  to  be  er- 
roneously referred  to  the  anaesthetic. 

RESPIRATION  DURING  AN-ffiSTHESIA 

Provided  the  air  channels  are  entirely  patent,  the  entry  and  exit 
from  the  lungs  may  be  completely  noiseless  during  surgical  anaesthesia. 
If  the  air-way  be  restricted,  a  too  concentrated  vapor  administered,  or 
an  insufficient  amount  of  oxygen  allowed,  respiration  will  increase  in 
force  and  frequently  become  audible.  The  adventitious  sounds  which 
are  produced  in  the  upper  air  passages  because  of  restricted  respiration 
are  distinct,  and  should  not  be  confused  with  the  modified  breathing 
which  is  frequently  present  with  a  perfectly  free  air-way  during  abdom- 
inal operations.  These  adventitious  sounds  may  occur  during  in- 
spiration or  expiration.  The  former  are,  as  a  nile,  snoring,  stertorous,  or 
crowing:  the  latter  strained,  or  phonated  in  character.  Snoring  is  the 
most  common  adventitious  sound,  though  by  no  means  proportional  to 
the  degree  of  narcosis.  It  indicates  a  tendency  toward  an  occlusion  of 
the  air-way.  and  when  it  becomes  stertorous,  is  produced  by  the  tongue 
either  vibrating  against  the  pharyngeal  wall  or  occluding  the  pharyngeal 
channel.    An  engorged  state  of  the  tongue  and  adjacent  parts  contributes 
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very  materially  to  the  production  of  stertor.  While  snoring  and  stertor 
are  the  expressions  of  a  greater  or  less  degree  of  obstruction  above  the 
larynx,  stridor  or  a  crowing  sound  indicates  a  spasm  of  the  larynx  itself, 
and  is  caused  by  a  too  concentrated  vapor  of  ether  or  chloroform.  The 
sound  of  mucus  in  the  upper  air  passages  cannot  be  confused  with  other 
adventitious  sounds. 

During  anaesthesia  the  rate,  depth,  and  regularity  of  respiration 
undergo  important  modifications,  depending  upon  the  character  and 
location  of  the  operation.  Respiration  is  performed  chiefly  by  the  dia- 
phragm during  surgical  anaesthesia,  but  in  young  children  it  may  be 
purely  thoracic,  being  effected  principally  by  the  intercostal  muscles,  un- 
less some  impediment  to  the  free  entry  of  air  takes  place  tending  to  make 
it  diaphragmatic  and  jerky  in  character.  In  the  conscious  patient,  respira- 
tion is  a  more  passive  process  than  in  the  anaesthetized  subject,  where 
the  recti  and  other  abdominal  muscles  often  take  part  in  its  performance. 
Any  hindrance  to  free  thoracic  or  abdominal  movements,  such  as  tight 
clothing,  bandages,  certain  postures,  or  the  weight  of  assistants'  arms, 
may  introduce  an  asphyxial  element.  In  edentulous  persons,  especially 
if  nasal  obstruction  is  present,  the  lips  may  be  sucked  in  and  act  as  a  valve, 
permitting  expiration  but  hindering  inspiration. 

As  the  diaphragm  is  the  most  important  muscle  of  respiration,  it  is 
desirable  that  its  descent  should  not  be  impeded,  especially  in  those 
subjects  in  which  the  thorax  is  unable  to  take  on  additional  work. 
It  is  also  important  to  provide  for  free  thoracic  expansion,  parti- 
cularly if  the  abdominal  movements  are  suspended.  Feeble  patients, 
fleshy  patients,  or  those  who  are  emphysematous  or  have  fluid  in  their 
chest,  should  be  carefully  watched,  as  the  mechanical  interference  with 
breathing  may  cause  serious  accidents.  Respiratory  embarrassment  may 
be  caused  by  the  lithotomy  position  and  the  extreme  Trendelenburg 
position,  especially  in  the  latter  if  the  abdominal  contents  are  crowded 
against  the  diaphragm  with  sponges.  Lung  expansion  may  be  limited  by 
postures  in  which  the  weight  of  the  tnmk  is  expended  directly  on  the 
chest,  as  in  the  prone  or  semiprone  position.  When  the  operative  pro- 
cedure requires  this  position,  as  in  laminectomy  or  in  operations  upon  the 
cerebellum,  an  endeavor  should  be  made  to  facilitate  lung  expansion  by 
placing  sand  bags  under  each  shoulder  and  each  iliac  spine.  If  breathing 
becomes  much  embarrassed,  the  patient  should  at  once  be  changed  to 
the  dorsal  position. 

By  the  careful  observation  of  symptoms,  i.e.,  watching  for  the 
slightest  deviation  from  what  may  be  called  the  normal  course,  and  by 
correcting  or  relieving  symptoms  which  are  in  themselves  but  trifling, 
it  is  often  possible  to  avert  respiratory  arrest  on  the  one  hand  or  circu- 
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latory  failure  on  the  other.  The  character  of  the  breathing  will  depend 
upon  a  number  of  factors.  The  local  action  of  a  too  concentrated  vapor 
during  the  induction  period  may  induce  coughing,  holding  the  breath, 
or  laryngeal  spasm.  Nitrous  oxide  administration  with  a  deficiency  of 
oxygen  will  lead  to  exaggerated  breathing,  stertor,  deep  cyanosis,  clonic 
spasms,  and  finally  death  from  asphyxiation.  When  rebreathing  is 
practised,  hyperpnoea  is  always  present  to  a  greater  or  less  degree,  depend- 
ing upon  the  amount  of  carbon  dioxide  which  the  patient  is  made  to 
reinhale.  Crying  children  are  likely  to  inhale  large  quantities  of  the 
anaesthetic,  and  in  the  administration  of  chloroform  great  care  must  be 
exercised  to  allow  an  abundance  of  air,  or  respiratory  paralysis  may 
ensue.  With  the  administration  of  nitrous  oxide  they  may  quickly  reach 
an  undesirable  degree  of  asphyxia.  Coughing  during  the  induction 
period  indicates  a  too  concentrated  vapor.  Retching  and  vomiting  during 
the  induction  period  are  rare  if  the  patient  has  been  properly  prepared; 
and  when  they  occur  later  in  the  narcosis,  they  always  mean  a  light 
anaesthesia.  A  localized  or  general  tremor  occasionally  occurs  under 
chloroform,  but  is  more  common  under  ether.  As  a  rule  it  may  be 
controlled  by  changing  the  position  of  the  limbs  or  increasing  the  depth 
of  narcosis. 

One  of  the  foremost  responsibilities  of  the  anaesthetist  during  the 
maintenance  of  anaesthesia  is  to  recognize  and  eliminate  all  the  factors 
which  tend  to  produce  even  slight  degrees  of  anoxaemia.  Special  atten- 
tion must  be  paid  to  the  patency  of  the  upper  respiratory  channels  through 
which  the  anaesthetic  vapors  or  gases  must  pass.  It  is  impossible  to 
overestimate  the  importance  of  maintaining  a  clear  air-way.  A  higher 
level  of  safety  to  the  patient  will  be  attained  if  an  adequate  amount 
of  oxygen  gains  access  to  the  system  throughout  the  narcosis,  because 
the  respiratory  center  in  the  medulla  is  depressed  by  an  anoxaemia,  par- 
ticularly if  it  is  sufficient  to  produce  cyanosis  either  in  the  acute  form 
or  by  gradual  process.  Not  only  is  the  respiratory  center  depressed 
if  the  blood  is  in  a  condition  of  anoxaemia,  but  cardiac  dilatation  and 
paralysis  are  much  more,  apt  to  occur  if  the  coronary  vessels  which 
nourish  the  heart  are  filled  with  venous  blood.  Except  in  pure  gas 
anaesthesia,  convulsions  or  clonic  muscular  movements  are  rare,  and  are 
not  to  be  expected  during  an  asphyxial  death  when  ether  or  chloroform 
is  being  administered.  Muscular  rigidity,  when  accompanied  by  cyanosis, 
calls  for  more  oxygen  and  less  of  the  anaesthetic. 

Types  of  breathing  during  anaesthesia.  AH  kinds  of  breathing 
are  met  with  during  anaesthesia,  from  the  deep  respiration  of  the  strong 
patient  to  the  feeble  and  almost  imperceptible  breathing  of  the  very  ill 
and  fragile  child.     Moreover,  the  respiration  varies  from  time  to  time 
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in  the  same  patient,  depending  upon  the  character  of  the  operation,  the 
degree  of  manipulation  of  the  tissues,  the  method  of  administration  of  the 
anaesthetic,  and  the  depth  of  narcosis. 

Rapid  breathing  during  the  induction  of  anaesthesia  is  a  voluntary 
effort  due  either  to  nervousness  or  a  desire  to  lose  consciousness  quickly, 
but  when  it  appears  during  surgical  anaesthesia  it  is  usually  associated 
with  a  hyperpnceic  condition  and  calls  for  more  oxygen  or  air.  If  it 
develops  during  light  anaesthesia,  it  is  caused  by  stimulation  of  the  afferent 
nerves  by  the  operation  and  will  be  corrected  by  a  more  profound  narcosis. 
It  is  occasionally  seen  in  pyrexia,  in  which  case  it  is  not  affected  by  the 
anaesthetic. 

Deep  breathing  usually  indicates  surgical  anaesthesia,  and  as  long  as 
it  proceeds  regularly  without  exaggerated  chest  movements,  it  is  the 
most  desirable  and  safest  type  of  respiration.  When  the  accessory 
muscles  of  respiration  are  called  into  action,  an  asphyxial  factor  is  present, 
and  the  exaggerated  thoracic  and  abdominal  movements  are  an  effort 
on  the  part  of  the  respiratory  system  to  obtain  more  oxygen.  Forcible 
deep  breathing  during  surgical  anaesthesia  frequently  occurs  when  the 
sphincter,  urethra,  or  cervix  are  dilated,  or  the  spermatic  cord  is  dragged 
upon,  or  diseased  large  joints  manipulated. 

Shallow  breathing  before  consciousness  is  lost  is  a  voluntary  effort 
to  keep  from  inhaling  the  anaesthetic.  This  form  of  breathing  is  rarely 
seen  when  nitrous  oxide  and  oxygen  are  being  administered ;  it  is  occa- 
sionally present  with  chloroform,  and  not  infrequently  observed  with 
ether,  especially  if  the  latter  is  given  in  a  concentrated  form.  With  the 
open  method  of  etherization,  the  concentration  can  be  controlled  to  such 
a  nicety  that  the  odor  is  seldom  complained  of  and  respiration  is  normal 
throughout  the  induction  period.  If  breathing  is  superficial,  the  induction 
period  is  lengthened,  due  to  the  anaesthetic  entering  only  the  trachea  and 
larger  bronchi,  where  the  area  of  absorption  is  very  limited.  Patients 
who  have  had  morphine,  or  any  of  the  opium  derivatives,  are  apt  to 
exhibit  slow  respiration.  When  consciousness  is  lost,  shallow  breathing 
indicates  either  a  light  narcosis  with  impending  vomiting,  or  a  profound 
anaesthesia  with  approaching  respiratory  paralysis.  If  breathing  is 
shallow,  or  the  patient  holds  his  breath  during  the  induction  period,  the 
vapor  should  be  made  less  concentrated  and  the  patient  encouraged  to 
breathe  naturally.  If  vomiting  is  present  and  the  vomitus  shows  un- 
digested food,  it  is  wise  to  allow  complete  emptying  of  the  stomach: 
otherwise  a  smooth  anaesthesia  is  frequently  impossible.  On  the  other 
hand,  if  the  stomach  is  free  of  solid  food  and  there  is  nausea  and  an 
effort  to  expel  liquid  contents,  a  deeper  narcosis  will  paralyze  the  vomit- 
ing center.     If  shallow  breathing  develops  and  the  evidence  indicates  a 
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profound  narcosis,  the  anaesthetic  must  be  withheld ;  and  if  deeper  breath- 
ing does  not  soon  develop,  respiration  may  be  assisted  by  compression 
of  the  thorax  during  expiration.  If  such  compression  is  suddenly  re- 
leased, the  elasticity  of  the  chest  walls  assists  deeper  breathing.  This 
simple  procedure  will  encourage  automatic  breathing  and  the  elimination 
of  the  anaesthetic.  Shallow  breathing  is  more  apt  to  occur  under  chloro- 
form than  ether  narcosis,  and  when  any  of  the  opium  derivatives  have 
been  administered.  In  the  latter  case,  it  is  much  more  difficult  to  control 
than  when  the  depression  is  due  to  the  anaesthetic  alone. 

Irregular  breathing  except  during  early  anaesthesia  is  of  very  grave 
significance,  and  is  always  a  sign  of  impending  central  respiratory  paral- 
ysis caused  by  an  overdose  of  the  anaesthetic.  The  administration  should 
be  suspended  and  a  clear  air-way  maintained.  If,  in  spite  of  these 
measures,  breathing  ceases,  artificial  respiration  must  be  performed.  Ir- 
regular breathing  during  light  anaesthesia  gives  no  occasion  for  alarm, 
and  can  be  controlled  by  the  administration  of  more  anaesthetic. 

The  presence  of  an  anoxaemic  factor  may  be  observed  in  the  lack 
of  oxygenation  of  the  blood  and  congestion  of  the  venous  system  with 
undue  oozing  from  the  operation  wound,  and  by  the  bluish  color  of  the 
ears,  lips,  and  cheeks.  When  anoxaemia  is  present,  there  is  prone  to 
be  a  congestion  of  the  mucous  surfaces  of  the  respiratory  tract,  tonsils, 
tongue,  and  neighboring  structures,  and  this  engorgement  further  aggra- 
vates the  condition  by  presenting  a  mechanical  obstruction  to  the  ingress 
of  the  air.  There  is  an  increased  amount  of  mucus  secreted  by  the  con- 
gested surface,  which  still  further  adds  to  the  anoxaemia.  This  condition 
is  very  markedly  aggravated  if  the  Trendelenburg  position  is  assumed, 
particularly  if  the  subject  is  fleshy.  The  more  nearly  an  anaesthesia 
approaches  normal  sleep,  the  more  ideal  it  becomes.  When  the  proper 
technique  of  the  open  method  of  etherization  is  employed,  this  most 
desirable  state,  in  a  very  large  majority  of  cases,  prevails  throughout 
the  narcosis. 

Coughing,  straining,  or  any  embarrassment  of  respiration  will  pro- 
duce more  or  less  venous  turgescence,  with  a  resulting  increase  in  the 
bleeding  at  the  field  of  operation.  Generally  speaking,  ether  leads  to  a 
greater  vascularity  than  chloroform,  but  when  administered  with  an  abun- 
dance of  air  or  oxygen,  and  with  no  interference  to  respiration,  after 
the  first  ten  or  fifteen  minutes  there  is  but  little  difference  in  the  two 
anaesthetics. 

When  the  closed  or  rebreathing  methods  are  used,  the  character  of 
the  breathing  and  oxygenation  of  the  blood  are  affected  by  the  amount  of 
oxygen  or  air  allowed  and  the  quantity  of  anaesthetic  given.  If  a  large 
amount  of  ether  is  poured  in  at  once,  the  respiration  usually  becomes 
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slow  and  superficial,  and  may  be  irregular  in  rhythm.  When  small  quan- 
tities are  given  at  short  intervals,  the  breathing  is  less  affected. 

Breathing  during  the  stage  of  recovery.    When  no  hypnotics 

have  been  given,  the  breathing  during  the  return  to  consciousness  is 
normal  in  rate,  depth,  and  regularity,  unless  it  is  temporarily  disturbed 
by  vomiting.  If  narcotics  have  been  administered  before  the  narcosis,  ir- 
regular or  shallow  breathing  may  develop,  or  respiratory  cessation 
may  occur  after  the  administration  has  been  suspended  for  some 
time.  Recovery  from  the  anaesthetic  will  be  prolonged  if  tight 
bandaging  prevents  full  lung  expansion,  or  if  respiration  be  hampered 
in  any  way.  Patients  should  be  watched  till  sufficiently  awake  to  cough 
or  clear  their  throats  of  vomited  matter  without  assistance.  The  posture 
of  patients  recovering  from  narcosis,  particularly  those  who  are  suffering 
with  empyema  or  lung  affections,  is  important,  as  they  are  in  a  state  of 
more  or  less  anoxaemia  at  the  time  from  respiratory  difficulty.  In  order 
to  allow  of  the  free  excursion  of  the  healthy  lung,  the  affected  side 
should  be  underneath. 

METHODS  FOR  THE  RELIEF  OF  RESPIRATORY.  ARREST 

Suspension  of  respiration  during  ether  or  nitrous  oxide  administration 
is  not  nearly  so  dangerous  as  when  chloroform  has  been  given.  The  con- 
tinued absorption  of  the  inhaled  chloroform  will  readily  destroy  life.  The 
important  point  concerning  respiratory  failure  under  ether  is  that,  how- 
ever such  failure  may  arise,  the  circulation  at  the  moment  is  usually 
sufficiently  satisfactory  for  remedial  measures  to  prove  successful.  Should 
the  administration  of  ether  or  chloroform  be  carried  too  far,  respiration 
will  show  signs  of  depression  some  time  before  actual  cessation  occurs. 
In  some  cases  the  breathing  assumes  a  modified  Cheyne-Stokes  character. 
In  the  majority  of  instances,  however,  it  becomes  more  and  more  feeble, 
and  then  ceases.  Occasionally  jerky,  intermittent,  and  gasping  breathing 
may  precede  cessation.  The  color  becomes  dusky  rather  than  pale,  the 
pulse  less  forcible  and  usually  slower. 

Many  anaesthetists  have  appliances  and  remedies  at  hand  for  use  in 
case  of  respiratory  or  circulatory  depression.  It  is  far  better  and  much 
more  satisfactory  to  prevent  complications  than  to  combat  them  after 
their  development.  The  first  step  for  the  relief  of  respiratory  arrest  is 
to  establish  a  clear  air-way.  A  mouth  gag  should  be  inserted  and  the 
finger  swept  around  the  mouth  and  back  in  the  pharynx  to  remove  any 
foreign  substance.  With  a  piece  of  gauze  over  the  thumb  and  forefinger, 
the  tongue  is  grasped  and  drawn  forward  out  of  the  mouth.  By  exerting 
regular  pressure  on  the  lower  part  of  the  sternum  with  the  hand  at  in- 
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tervals  of  a  few  seconds,  the  elastic  recoil  of  the  chest  is  brought  into 
play,  and  the  lungs  permitted  to  refill  with  air  (Howard  method). 

Intrapharyngeal  and  intratracheal  insufflation.  The  tech- 
nique is  identical  with  that  used  in  these  methods  of  anaesthesia,  except 
that  air  or  oxygen  is  forced  into  the  lungs  instead  of  an  anaesthetic,  and 
that  it  is  administered  intermittently  if  the  intratracheal  method  is  used. 
Care  must  be  taken  not  to  overdistend  the  lungs,  or  a  rupture 
of  the  air  vesicles  will  result.  The  pressure  should  not  exceed  30  mm. 
An  ordinary  foot  bellows  or  an  electric  vaporizer  may  be  used  to  deliver 
air  or  oxygen  through  the  tube  to  the  lungs.  Intrapharyngeal  insufflation 
is  more  easily  and  quickly  carried  out,  because,  in  the  hands  of  the 
inexperienced,  valuable  time  may  be  lost  in  introducing  the  catheter 
into  the  trachea;  on  the  other  hand,  it  is  not  quite  so  satisfactory 
because  of  the  difficulty  of  preventing  the  escape  of  the  air  or  oxygen 
through  the  mouth  or  nose,  or  its  entry  into  the  stomach.  The  lips  may 
be  held  or  fastened  together  by  adhesive  plaster;  the  nasal  tubes,  com- 
bined with  pressure,  will  prevent  the  escape  of  air  in  that  direction.  A 
heavy  weight  or  deep  pressure  over  the  stomach  will  keep  the  air 
from  entering  that  organ,  and  by  forcing  the  blood  out  of  the  splanchnic 
area  into  the  general  circulation,  send  more  blood  to  the  respiratory  and 
circulatory  centers.  In  very  young  infants  mouth-to-mouth  breathing 
has  been  suggested.  In  threatened  respiratory  arrest,  rhythmic  compres- 
sion of  the  chest  wall  may  be  effective  in  stimulating  respiration.  This 
method  is  especially  valuable  in  young  individuals,  whose  thoracic  parie- 
tes  possess  much  resiliency,  and  usually  answers  as  well  as  any  method 
of  resuscitation  in  the  milder  forms  of  respirator}''  depression.  It  is  a 
mistake,  even  during  such  an  exciting  and  serious  moment,  to  place  a 
forceps  on  the  tongue,  because  of  the  after-suffering  such  a  mutilating 
practice  inflicts. 

Sylvester  method  of  artificial  respiration.  With  the  patient 
lying  flat  on  his  back,  the  head  lowered  and  extended  backward,  the  mouth 
is  held  open  with  a  mouth  gag,  and  the  tongue  held  out  to  insure  a  free 
air-way.  With  the  operator  standing  above  the  head,  the  arms  are 
grasped  above  the  elbows,  and  by  a  forward  movement  are  made  to  com- 
press the  chest  wall  and  cause  a  strong  expiration.  The  arms  are  then 
drawn  outward  and  upward  till  the  hands  meet  above  the  head:  this 
manoeuvre  causes  deep  inspiration  by  reason  of  the  traction  exerted  upon 
the  accessory  muscles  of  respiration.  These  movements  are  repeated 
regularly  about  fifteen  times  a  minute  or  at  the  rate  of  normal  respiration, 
until  natural  automatic  breathing  is  established.  Care  must  be  taken  not 
to  press  too  firmly  on  the  chest  wall,  as  there  is  danger  of  fracturing 
the  ribs. 


68  GENERAL  ANAESTHESIA 

POSTURE,  CHANGE  OF  POSTURE,  THE  TRANSFERENCE  OF 

UNCONSCIOUS  PATIENTS 

The  posture  of  patients  during  general  surgical  anaesthesia  is  a 
matter  of  greater  importance  than  is  generally  imagined.  Flexion 
of  the  head  throws  the  base  of  the  tongue  against  the  pharynx  and 
obstructs  breathing.  Extension  carries  the  epiglottis  away  from  the  glot- 
tis, thus  exposing  the  larynx  to  the  entry  of  foreign  substances.  Turning 
the  head  to  the  side  prevents  the  tongue  from  falling  back  in  the  pharynx 
and  obstructing  respiration,  and  allows  the  mucus  to  pass  out  of  the  mouth 
instead  of  running  back  in  the  trachea  and  causing  coughing.  For  tonsil 
and  adenoid  operations,  the  lateral  posture  is  desirable,  as  it  is  least  likely 
to  be  associated  with  any  respiratory  embarrassment  from  the  presence 
of  blood.  Anaesthesia  may  be  induced  in  the  dorsal  position  and  the 
patient  changed  to  the  lateral  after  narcosis  is  established.  When 
the  prone  posture  is  necessary,  as  it  is  for  such  operations  as  laminectomy 
and  for  cerebellar  tumors,  an  endeavor  should  be  made  to  avoid 
respiratory  embarrassment  by  placing  sand  bags  under  each  shoulder. 
Breathing  must  be  watched  if  a  change  in  posture  becomes  necessary. 
Mucus  and  saliva  may  trickle  or  flow  from  one  part  of  the  upper  air-tract 
to  another  causing  coughing  or  vomiting,  or  the  tongue  may  fall  back  in 
the  pharynx  and  obstruct  respiration.  Cyanosis  with  other  asphyxial 
phenomena  are  more  apt  to  follow  a  change  in  posture  during  light  than 
deep  anaesthesia,  while  syncope  is  more  likely  to  develop  during  the 
narcosis  if  the  patient  be  raised  from  the  horizontal  into  the  sitting 
posture.  This  danger  is  especially  great  if  chloroform  has  been  given. 
In  bandaging  the  chest  or  abdomen,  the  patient,  if  an  infant,  can  be  lifted 
from  the  operating  table  and  kept  horizontal,  while  adults  can  be  brought 
over  the  end  of  the  table  and  so  held,  with  the  head  on  a  level  w^ith  the 
body. 

For  reasons  already  given,  it  is  most  desirable  that  patients  should 
be  anaesthetized  upon  the  table  to  be  used  during  the  operation,  and  not 
in  their  beds  or  upon  carts.  It  is  especially  hazardous  to  transfer  those 
suflFering  w' ith  respiratory  or  circulatory  affections. 

Posture  paralysis.  Nerve  roots  or  nerves  themselves  may  be  so 
compressed  or  stretched  that  paralysis  in  varying  degrees  may  result. 
The  most  common  posture  paralysis  is  the  one  which  occurs  after  long 
operations,  during  which  time  the  arm  has  been  abducted  and  drawn 
upward.  If  the  hand  is  allowed  to  hang  over  the  side  of  the  table,  the 
musculospiral  nerve  may  become  compressed  between  the  humerus  and 
the  table  edge  with  a  resulting  paralysis.  The  application  of  an  Esmarch 
bandage  may  induce  a  temporary  motor  or  sensory  paralysis.    Complete 
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recovery  from  these  various  posture  paralyses  generally  takes  place  within 
a  few  weeks  or  months ;  however,  it  may  be  delayed  as  long  as  a  year. 
Recovery  usually  takes  place  from  the  periphery  towards  the  center. 

After-care  of  patients.  After  the  completion  of  the  operation, 
all  wet  or  soiled  clothing  should  be  removed,  a  warm,  dry  gown  put  on, 
and  the  patient  well  covered  with  woolen  blankets' for  the  journey  back 
to  his  room.  The  bed  to  which  the  patient  is  to  be  transferred  should 
be  warmed  by  means  of  hot  bottles,  which  should  be  removed  before  the 
patient  is  placed  in  it.  A  large  number  of  cases  have  occurred  in  which 
hot  water  bottles  have  produced  burns  during  the  unconsciousness  of 
the  recovery  period. 

The  practice  of  washing  out  the  stomach  after  anaesthesia  in  order 
to  eliminate  any  secreted  ether  is  of  questionable  benefit.  This  pro- 
cedure, however,  is  of  distinct  value  in  patients  suffering  with  intestinal 
obstruction  when  faecal  vomiting  is  present. 

NAUSEA  AND  VOMITING 

Long  and  persistent  vomiting  after  operation  prevents  the  taking  of 
food,  and  entails  so  much  discomfort  and  exhaustion  on  weakly  subjects 
that  the  importance  of  its  consideration  is  obvious.  An  effort  should 
be  made  to  ascertain  the  cause  of  vomiting,  and  to  select  remedies 
accordingly.  The  anaesthetic  may  be  the  sole  cause,  may  be  only  a 
contributing  factor,  or  not  at  all  responsible;  therefore,  the  expression 
postanaesthetic  vomiting,  while  literally  correct,  conveys  the  wrong  im- 
pression. 

Provided  the  patient  has  been  properly  prepared,  the  administration 
skillfully  conducted  and  pure  anaesthetic  used,  there  will  be  no  trouble 
from  nausea  and  vomiting  during  the  induction  of  narcosis.  Vomiting 
during  maintenance  occurs  only  when  a  light  anaesthesia  is  present,  and 
the  medullary  center  is  irritated,  but  not  narcotized.  Transient  retching 
with  the  expulsion  of  a  yellowish  fluid  may  develop  after  the  anaesthesia 
is  discontinued,  while  the  patient  is  still  unconscious.  This  is  an  advan- 
tage, as  it  clears  the  upper  air  passages  of  mucus,  and  the  stomach  of 
fluid  and  any  anaesthetic  which  may  have  been  excreted  into  it.  Vomiting 
following  throat  and  mouth  operations  is  desirable  and  to  be  expected 
on  account  of  the  blood  which  may  have  entered  the  stomach  during  the 
operative  procedures,  or  been  swallowed  during  returning  consciousness. 
Vomiting  following  anaesthesia  is  much  less  common  in  children  than  in 
adults ;  if  it  persists,  acidosis  should  be  considered,  and  the  urine  examined 
for  acetone  and  diacetic  acid.  This  is  especially  important  if  chloroform 
has  been  administered. 
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Nitrous  oxide-oxygen  is  least  likely  to  be  followed  by  nausea  and 
vomiting.  Transient  vomiting  is  more  common  following  ethyl  chloride 
and  ether  anaesthesia  than  chloroform;  but  persistent  vomiting  is  more 
frequent  after  chloroform.  Uneven  or  intermittent  administration,  with 
an  insufficient  amount  of  oxygen  to  keep  the  blood  well  oxygenated,  in- 
creases the  tendency  to  vomit. 

After  mouth,  jaw,  and  throat  operations,  a  considerable  quantity  of 
water,  to  which  bicarbonate  of  soda  has  been  added,  will  assist  in  clearing 
the  stomach  of  swallowed  blood  or  pus  through  emesis,  or  by  washing 
the  contents  into  the  bowel.  If  food  or  drink  is  allowed  too  soon  after 
operation,  it  may  cause  vomiting  when  none  has  existed  before.  The 
persistent  vomiting  of  acidosis  is  relieved  only  by  measures  employed 
to  combat  the  acid  poisoning — ^bicarbonate  of  soda  per  rectum,  or  intra- 
venously in  desperate  cases.  Faecal  vomiting  ceases  only  when  the 
obstruction  which  caused  it  is  removed.  If  there  is  atonic  distention, 
strychnine  or  pituitary  extract,  given  hypodermatically,  are  often  effec- 
tive. With  persistent  vomiting,  due  to  gastric  dilatation  or  decomposition 
of  stomach  contents,  gastric  lavage  is  usually  followed  by  prompt  relief. 

Hare  says  that  one  of  the  most  efficient  internal  remedies  is  acetanilid, 
given  in  one  or  two  grain  doses,  every  fifteen  minutes  or  half  hour,  until 
eight  grains  are  taken.  It  may  be  given  in  brandy  in  teaspoonful  doses 
poured  over  shaved  ice,  or  it  may  be  placed  as  a  dry  powder  on  the  tongue. 

When  vomiting  is  due  wholly  to  ether,  olive  oil  introduced  into  the 
rectum,  as  suggested  by  Graham,  is  of  undoubted  value.  The  unconscious 
patient  who  is  vomiting  should  have  his  head  kept  turned  to  the  side,  and 
the  opposite  shoulder  raised.  Unless  such  patients  are  well  attended 
there  is  danger  of  suffocation  or  aspiration  of  vomitus  into  the  trachea. 

LUNG  COMPLICATIONS  FOLLOWING  OPERATION 

Clinical  reports  indicate  that  with  the  possible  exception  of  mouth 
and  throat  operations,  lung  complications  most  frequently  follow  abdom- 
inal operations,  especially  stomach,  gall-bladder,  and  pelvic  work,  with 
carcinoma  of  the  stomach  furnishing  the  largest  mortality,  regardless  of 
the  nature  of  the  operation.  Aspiration  from  the  mouth  or  pharynx  of 
foreign  substances,  both  solid  and  liquid,  weak  heart  action  with  low  blood 
pressure  producing  hypostatic  congestions,  cooling  of  the  body  surface, 
diminished  lung  expansion,  morphine,  which  allays  the  reflex  excitability 
of  the  air  passages  and  thereby  favors  the  retention  of  aspirated  ma- 
terials, all  contribute  their  quota  to  lung  complications.  Undoubtedly 
many  of  them  are  secondary  to  some  pre-existing  bronchial  or  lung  af- 
fection, the  effects  of  the  anaesthetic  being  secondary.    In  35  of  the  55 
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cases  reported  by  Armstrong  ("^)  a  septic  focus  in  some  part  of  the  body 
was  present  before  the  development  of  the  lung  complication.  That  the 
anaesthetic  is  by  no  means  the  only  factor  is  shown  by  the  not  uncommon 
occurrence  of  pneumonia  following  operations  under  local  anaesthesia. 

The  so-called  "ether  pneumonia"  is  frequently  a  lobar-pneumonia, 
due  to  emboli  which  have  entered  the  circulation  at  the  site  of  operation. 
The  time  at  which  the  symptoms  develop  varies  from  a  few  hours  to  a 
week  or  more.  They  are  sudden  in  their  onset,  with  pain  in  the  chest, 
temperature,  cough,  and  quick  respiration  and  pulse.  As  a  rule,  con- 
stitutional disturbance  is  not  great.  Homans  (")  reports  the  con- 
solidation of  an  entire  lobe,  following  pulmonary  embolic  infarction. 
Fractures  of  the  long  bones  are  occasionally  followed  by  fat  emboli  which 
produce  infarcts  of  the  lungs,  the  symptoms  of  which  are  clinically  so 
similar  to  pneumonia  that  it  is  sometimes  difficult  to  differentiate  the  two. 

That  ether  is  most  likely  to  produce  respiratory  effects  is  questionable, 
particularly  when  it  has  been  properly  administered.  The  dreaded  "mucus 
inundation,''  so  frequently  discussed  by  English  authors,  is  certainly 
rarely  witnessed  in  a  properly  conducted  open  administration.  A  too 
concentrated  vapor  during  early  induction  is  responsible  for  the  large 
majority  of  such  accompaniments.  The  rule  should  be  followed,  when- 
ever practicable,  of  keeping  the  patient's  head  turned  to  the  side  for  the 
escape  of  mucus  or  saliva.  If  in  spite  of  this,  there  is  an  accumulation 
sufficient  to  produce  cyanosis  and  audible  rattling  with  labored  breathing, 
the  administration  should  be  suspended  until  the  faucial  reflexes  return, 
and  coughing  or  vomiting  clears  the  air  passages.  If  the  anaesthetic  is 
then  continued  and  a  light  vapor  administered,  no  further  trouble  will 
be  experienced. 

In  addition  to  the  factors  already  mentioned,  others  doubtless  come 
into  play,  such  as  excessive  air  limitation  during  etherization  and  the 
adoption  of  a  peculiar  position  for  a  protracted  period  after  anaesthesia, 
so  that  mucus  plugging  and  hypostatic  congestion  are  favored.  Patients 
w^ho  have  painful  abdominal  wounds  refrain  from  deep  breathing  and 
coughing,  which  tendency  favors  basic  engorgement  of  the  lung  and  the 
retention  in  the  bronchi  of  blood,  septic  matter,  or  vomitus  which  may 
have  passed  into  the  larynx.  The  use  of  imperfectly  cleansed  inhalers 
favors  the  occurrence  of  lung  complications.  Postoperative  pneumonia 
may  be  caused  by  bacteria  or  their  toxins,  carried  through  the  lymph  or 
blood  stream  after  operations  on  infected  tissue,  or  by  exacerbations  of 
pre-existing  focal  infections.  Lung  abscesses  following  tonsil  and 
adenoid  operations  are  held  by  some  observers  to  be  embolic  in  their 
origin,  but  the  aspiration  of  septic  material  directly  through  the  air  pas- 
sages into  the  alveoli  is  a  much  more  probable  cause. 
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Preventive  treatment  of  respiratory  complications  following  opera- 
tion is  an  exceedingly  important  matter.  Aseptic  technique  and  minimum 
traumation  to  the  tissues  during  operation  decrease  the  possibility  of 
embolism  and  thrombosis.  When  ether  is  the  anaesthetic  of  choice,  the 
open  method  of  administration  should  be  used,  allowing  as  much  air  as 
is  consistent  with  narcosis  and  an  even  administration.  The  anaesthesia 
should  be  as  light  and  short  as  possible.  No  solid  food  should  be  allowed 
for  at  least  six  hours  before  operation.  The  stomach  contents  should 
be  aspirated  in  emergency  operations.  The  mouth,  teeth,  and  throat 
should  be  disinfected  as  far  as  possible  with  a  mild  wash  containing 
alcohol.  The  head  should  be  kept  turned  to  the  side  to  allow  mucus  to 
escape  and  prevent  the  aspiration  of  vomitus.  The  operating  table  should 
be  covered  by  thick,  dry  pads  and  the  patient  by  blankets  to  prevent 
loss  of  body  heat,  both  during  the  operation  and  when  being  conveyed 
through  halls  and  elevator  shafts. 

Respiration  should  not  be  hampered  by  tight  bandages  or  unrelieved 
pain  following  abdominal  operations,  as  the  normal  descent  of  the 
diaphragm  is  inhibited,  interfering  with  pulmonary  ventilation,  coughing, 
and  expectoration. 

In  mouth,  jaw,  and  throat  operations,  an  early  awakening  from  the 
anaesthetic  is  desirable,  so  that  a  semi-recumbent  or  sitting  posture  may 
be  assumed  to  assist  in  clearing  the  bronchi  of  aspirated  blood  or  pus. 

KIDNEY  FUNCTION  UNDER  AN-ffiSTHESIA 

It  is  desirable  that  patients  suflfering  with  nephritis  should  not  be 
profoundly  anaesthetized,  that  a  concentrated  vapor  should  be  avoided, 
and  that  the  administration  should  be  as  short  as  possible.  During  deep 
and  prolonged  narcosis  the  kidney  function  is  considerably  lessened  or 
altogether  suspended,  but  it  returns  as  soon  as  the  patient  begins  to 
awaken,  and  attains  its  maximum  intensity  in  the  course  of  three  or  four 
hours  after  the  close  of  the  administration. 

Ether  as  a  causative  factor  in  nephritis  has  been  greatly  exaggerated. 
Buxton  and  Levy  (")  found  that  with  ether  and  chloroform  no  albumen 
occurred  in  94.6  per  cent  of  human  patients,  and  in  5.4  per  cent  a  trace 
of  albumen  was  found  which  rapidly  disappeared.  There  may  be  fre- 
quently an  associated  kidney  involvement  in  focal  infections.  The  author 
has  often  anaesthetized  patients  with  albuminuria  whose  urine  cleared 
up  after  tonsillectomy.  Nephritis  following  operation  on  infected  tissue 
may  also  be  haematogenous  in  its  origin.  Hogan  (^^)  says,  "The  chemical 
effect  of  the  anaesthetic  upon  the  chemistry  of  the  whole  body  evidences 
itself  in  certain  qualitative  and  quantitative  changes.     There  is,  for 
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example,  an  increased  hydrogen-ion  concentration  observable  on  ex- 
amining the  urine,  and  a  diminished  chloride  output.  At  the  same  time 
incompletely  oxidized  bodies,  as  acetone  and  diacetic  acid,  may  be  found. 
If  the  resultant  acid  intoxication  is  severe,  albumen  and  casts  appear  in 
the  urine  and  an  increased  ammonia  elimination  may  be  observed.  The 
presence  of  acetone  and  diacetic  acid  means  that  carbohydrate  and  fat 
metabolism  has  been  so  upset  that  they  are  not  completely  oxidized,  as 
normally,  into  carbon  dioxide  and  water.  The  retention  of  chlorides  by 
the  tissues  goes  hand  in  hand  with  increased  acidity  and  is  due  to  this 
acidity.  An  increase  in  the  acid  content  of  a  tissue  not  only  leads  to  a 
retention  of  water  and  oedema,  but  to  a  retention  of  certain  salts  at  the 
same  time. 

"These  conditions  show  that  urinary  secretion  is  possible  only  when 
free  water  circulating  in  the  blood  is  brought  to  the  kidney,  and  that  an 
anaesthetic  produces  the  effects  it  does  because  it  leads  to  a  lack  of  oxygen 
in  the  tissues  of  the  body.  This  raises  their  acid  content,  and  makes  them 
absorb  more  w'ater  from  the  blood,  which  in  its  turn  diminishes  in  that 
proportion  the  amount  available  for  secretion.  The  kidney  secretion 
diminishes,  not  because  of  a  specific  poisonous  effect  upon  the  kidney 
alone,  but  because  of  this  effect  upon  all  the  tissues  and  organs  of  the 
body.  The  postoperative  symptoms  of  nausea,  vomiting,  headache,  and 
gas  pains  parallel  completely  in  their  intensity  the  intensity  of  the  changes 
noted  in  the  urine." 

This  author  suggests  the  feeding  of  carbohydrates  and  the  use  of 
water,  alkalki,  and  salt  at  least  two  or  three  days  before  operation ;  it 
should  be  continued  until  the  patient  has  a  urine  persistently  neutral  to 
litmus.  A  patient  with  a  highly  acid  urine,  with  a  high  ammonia  co- 
efficient, or  with  acetone  and  diacetic  acid  in  his  urine  is  a  bad  surgical 
risk.  Patients  properly  prepared  recover  rapidly  from  the  effects  of  the 
anaesthesia.  They  are  without  headache  and  vomit  little  because  of 
absence  of  oedema  of  the  brain ;  they  urinate  promptly  after  the  operation, 
because  of  the  absence  of  kidney  oedema  and  the  early  presence  of  free 
water ;  their  urine  is  practically  free  from  albumen  and  casts,  and  excess 
of  ammonia. 
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CHAPTER  II 
NITROUS  OXIDE-OXYGEN  ANESTHESIA 

Technically,  nitrous  oxide-oxygen  is  the  most  difficult  of  all  anaes- 
thetics to  administer  safely.  When  administered  by  a  trained  anaesthetist 
it  is  the  safest  of  all  anaesthetics.  It  is  quick  in  its  action  and  is  pleasant 
to  take.  It  produces  but  slight  nausea;  it  is  almost  a  specific  against 
shock.  Recovery  from  the  anaesthetic  is  almost  immediate.  In  military 
surgery  it  was  designated  as  the  anaesthetic  of  choice  by  the  Interallied 
Surgical  Conference. 

No  other  anaesthetic  has  such  a  wide  range  of  usefulness.  In  minor 
operations,  or  for  operations  upon  bad  risks,  in  exophthalmic  goiter  in 
particular,  in  which  complete  anaesthesia  will  increase  the  danger,  nitrous 
oxide  analgesia  abolishes  pain,  while  consciousness  is  retained. 

It  should  always  be  borne  in  mind  that  in  no  other  form  of  anaes- 
thesia is  attention  to  detail  so  necessary,  or  exact  observance  of  the  mi- 
nutiae so  essential  to  a  perfect  anaesthesia. 

TECHNIQUE  OF  ADMINISTRATION 

With  the  exception  of  the  aged,  the  young,  and  the  most  seriously 
ill,  the  patient  receives  a  pre-anaesthetic  dose  of  morphine  and  scopolamine. 
To  induce  anaesthesia  the  index  valve  from  the  mixing  chamber  to  the 
face-inhaler  is  opened  to  the  point  which  will  give  analgesia.  The  mask 
is  first  held  over  the  face  and  then  gradually  lowered.  As  hearing  and 
the  pressure  sense  are  exaggerated,  the  operating  room  should  be  quiet. 
If  restraint  is  necessary,  it  should  be  as  gentle  as  possible.  While  anal- 
gesia is  being  established,  the  anaesthetist  can  begin  to  adjust  the  mask, 
as  shown  in  Figure  3.  The  towel  which  holds  the  mask  is  folded  length- 
wise, and  placed  under  the  nape  of  the  neck.  The  mask  should  be  held 
firmly  in  place,  with  the  chin  well  forward.  The  exhaling  valve  should 
be  left  open,  as  the  sense  of  pressure  is  uncomfortable.  The  respiration 
and  color  should  be  watched,  so  that  at  the  first  indication  of  cyanosis 
the  oxygen  port  may  be  opened  a  little  wider.  With  the  face  mask  prop- 
erly adjusted,  the  anaesthetic  mixture  is  increased  to  the  amount  that  in  the 
average  patient  will  produce  anaesthesia. 

The  first  fifteen  minutes  are  the  most  critical  time  in  the  establish- 
ment of  any  type  of  anaesthesia,  and  this  is  particularly  true  of  nitrous 
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Fig.  3. 


oxide  and  oxygen.  Too  rapid  an  induction  means  oversaturation,  result- 
ing in  a  disagreeable  state  of  asphyxiation  with  its  attendant  clonic  or 
tonic  spasm  and  rigid  abdominal  muscles.  The  tendency  is  to  remedy  this 
condition  by  giving  pure  oxygen,  thus  bringing  the  patient  into  too 
light  a  stage  of  anesthesia.  Such  a  sequence  may  usually  be  avoided 
by  careful  induction. 

The  dosage  of  the  gases  is  always  regulated  by  the  clinical  signs  of 
anassthesia.  Female  patients  of  average  size  and  type  require  60-  100 
gallons  of  nitrous  oxide  per  hour,  with  20-25  per  cent  of  oxygen;  male 
patients  require  80-115  gallons  of  nitrous  oxide  per  hour,  and  the  same 
percentage  of  oxygen.  After  the  first  hour  it  is  usually  possible  to  reduce 
the  amount  of  nitrous  oxide  and  oxygen.  If  the  patient  is  resistant, 
ether  vapor  may  be  added  to  secure  tranquihty  and  safety.  With  alco- 
holics this  is  generally  necessary.  The  amount  required  may  be  only  an 
occasional  whiff,  or  it  may  be  necessary  to  add  a  definite  percentage 
of  ether  vapor. 

With  patients  who  show  a  quick  response  to  nitrous  oxide,  or  a 
slow  response  to  oxygen,  it  is  usually  best  to  increase  the  nitrous  oxide 
carefully;  the  addition  of  a  small  percentage  of  ether  makes  a  safer 
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Fig,  3,  Steps  in  the  Adjustment  op 
Face  Mask,  a.  Patient's  head  in  proper 
position,  h.  Guttapercha  covering  over 
the  eyes  with  cotton  pad  on  top,  eye 
covering,  and  cotton  dental  prop,  c.  Cot- 
ton mouth  prop  in  position  between  the 
molars,  d.  Mask  in  position,  ready  to 
adjust  cotton  packing,  e.  Cotton  packing 
adjusted  around  the  face  mask,  j.  Cotton 
pad  covered  with  gauze  to  be  used  be- 
tween the  mask  and  chin,  g,  Towel 
folded  in  straight  line,  to  meet  the  upper 
edge  of  the  rubber  cushion  on  each  side 
of  the  mask,  h.  Mask  tightened  by  re- 
adjusting the  hemostats.  i.  Mask  in  posi- 
tion. /,  Folding  in  of  the  ends  of  the 
towel  to  support  the  chin,  k.  Mask  in 
position. 
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mixture.  By  a  slow  induction,  however,  it  is  often  possible  to  establish 
anaesthesia  with  nitrous  oxide  and  oxygen  alone,  even  in  difficult  cases. 
Securing  additional  relaxation  during  the  course  of  the  operation  usually 
takes  from  three  to  four  minutes. .  If  it  is  necessary  to  increase  the 
percentage  of  ether  vapor  to  secure  relaxation,  it  is  best  to  decrease 
the  nitrous  oxide  for  the  time.  If  ether  complications  such  as  mucus 
or  laryngeal  spasm  arise,  it  is  best  to  change  back  to  nitrous  oxide  and 
oxygen  for  a  few  moments  and  then  give  the  ether  vapor  more  slowly. 
After  relaxation  is  secured  it  can  usually  be  held  by  nitrous  oxide 
and  oxygen,  with  occasional  whiffs  of  ether. 

As  the  anaesthesia  proceeds,  the  problem  becomes  more  simple;  usually 
the  nitrous  oxide  dosage  does  not  need  to  be  changed  except  in  response 
to  increased  trauma  in  the  operation.  The  patient's  face  must  be  care- 
fully watched  and  cyanosis  overcome  quickly.  The  color  is  the  best 
clinical  guide  as  to  the  proper  oxygen  content.  The  expression  of  the 
face  under  ether  is  one  of  profound  narcosis;  under  nitrous  oxide,  the 
face  appears  as  in  normal  sleep.  The  eyes  are  quiet  and  the  pupillary 
reflex  to  light,  as  seen  in  ether  anaesthesia,  is  absent. 

The  chief  danger  of  nitrous  oxide  and  oxygen  anaesthesia  is  asphyxia- 
tion. Without  admixture  of  oxygen,  nitrous  oxide  will  not  support  life. 
Failure  to  respond  to  oxygen  usually  means  the  presence  of  some  mechan- 
ical obstruction.  If  this  occurs,  the  face  mask  is  removed,  a  breathing 
tube  inserted,  and  the  mask  quickly  readjusted. 

Rebreathing  is  a  very  useful  adjunct  in  stimulating  or  deepening  a 
shallow  respiration,  but  too  much  carbon  dioxide  should  be  avoided,  as 
it  leads  to  overstimulation  of  the  respiration,  and  consequent  fatigue 
and  exhaustion  of  the  respiratory  muscles.  Excessive  stimulation  may 
also  lead  to  the  oversecretion  of  mucus,  and  vomiting.  If  this  occurs, 
the  volume  of  the  fresh  nitrous  oxide  and  oxygen  must  be  increased 
and  rebreathing  discontinued.  Stimulation  may  progress  so  far  that 
ether  vapor  may  be  necessary,  but  it  is  better  not  to  allow  the  condition 
to  reach  this  point. 

Positive  pressure  is  obtained  by  the  use  of  a  tight-fitting  face  mask, 
and  by  screwing  down  the  exhaling  valve  so  as  to  prevent  the  escape  of 
the  expired  air.  This  manceuver  brings  into  play  an  increased  dosage 
of  carbon  dioxide,  which  is  taken  care  of  by  releasing  the  exhaling  valve 
from  time  to  time.  Positive  pressure  is  a  valuable  adjunct  in  cases  of 
obstructive  goiter,  with  partial  collapse  of  the  trachea. 

Analgesia.  The  development  of  the  use  of  analgesia  with  nitrous 
oxide  and  oxygen  has  proved  most  interesting  and  valuable.  The  selec- 
tion of  the  patient,  and  the  character  of  the  pain  are  important  considera- 
tions.     Deep   pressure,    pulling,    and   retracting    quickly   produce   an 
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appreciation  of  pain,  which  is  sometimes  hard  to  control.  From  10  to  45 
gallons  of  nitrous  oxide  per  hour,  with  about  25  per  cent  of  oxygen,  are 
sufficient  to  produce  analgesia.  The  face  mask  must  be  adjusted  com- 
fortably and  the  exhaling  valve  released.  It  is  best  to  impress  on  the 
patient  the  fact  that  he  will  hear  the  anaesthetist  or  the  surgeon  speaking 
to  him,  and  that  he  will  feel  contacts,  but  will  not  feel  pain.  The  ex- 
pression of  the  face  should  be  closely  watched,  and  if  a  change  of 
expression  indicates  the  presence  of  pain,  the  nitrous  oxide  content  should 
be  increased  for  a  few  breaths.  During  analgesia  the  pressure  sense  is 
exaggerated;  if  the  patient  moves,  it  is  wise  not  to  hold  him  tightly,  but 
rather  to  move  with  him,  suggesting  what  position  is  desired.  The  sense 
of  hearing  usually  remains,  but  slow  response  to  questions  is  often  noted, 
and  the  voice  may  be  slightly  thickened.  The  respiratory  rate  should 
not  be  increased  above  normal.  The  expression  of  the  face  should  be 
placid,  and  the  pulse  rate  regular.  If  analgesia  does  not  prove  sufficient 
to  cover  the  operative  procedure,  the  patient  is  quickly  put  under  anaes- 
thesia. 

Analgesia  is  especially  useful  for  the  opening  of  abscesses  anc^  for 
other  minor  work,  particularly  when  the  patient  wants  to  go  home  im- 
mediately after  the  operation.  In  bad  operative  risks  it  is  combined  with 
local  anaesthesia.  It  is  of  great  value  in  ligations  for  exophthalmic 
goiter,  and,  when  possible,  for  thyroidectomies  on  severe  cases. 

Accurate  knowledge  and  care  of  the  anaesthetic  apparatus,  the  pressure  gauges, 
and  the  tanks  are  absolute  requirements.  There  are  on  the  market  today  some 
excellent  forms  of  apparatus,  fully  described  by  Gwathmey  in  his  noteworthy 
book.  In  the  Lakeside  clinic  the  Ohio  monovalve  apparatus  is  principally  used 
because  it  permits  the  use  of  gases  at  a  low  pressure. 

Nitrous  oxide  may  be  purchased  in  large  cylinders  or  manufactured  at  the 
hospital  and  piped  to  the  operating  rooms  from  the  generating  room  (Fig.  4a). 
A  uniform  pressure  of  five  pounds  may  be  maintained  by  means  of  pressure  gauges 
attached  to  the  gas  holders.  To  a  hospital  contemplating  the  use  of  gas  as 
routine,  it  would  be  of  great  advantage  to  have  such  a  system  installed.  Large 
cylinders,  however,  containing  3,200  gallons  of  nitrous  oxide  or  1,150  gallons 
of  oxygen,  to  which  are  attached  duplex  reducing  gauges  and  rubber  tubes  con- 
necting the  cylinders  with  the  machine,  constitute  an  efficient  arrangement  (Fig. 
4b).  The  gas  machine  should  also  be  provided  with  small  cylinders,  so  that  if 
the  supply  in  the  large  tanks  runs  out,  the  anaesthetist  can  quickly  change  to  the 
small  tanks.  For  work  in  private  houses  or  small  hospitals  a  small  portable 
machine  is  required,  equipped  with  cylinders  containing  one  hundred  gallons  of 
nitrous  oxide  or  forty  gallons  of  oxygen. 

The  care  of  the  pressure  gauges  is  an  important  matter,  and  it  is  necessary 
to  follow  carefully  the  directions  of  the  manufacturers  with  reference  to  their  use. 
An  electric  heater  should  be  applied  to  the  nitrous  oxide  valve  when  either  the 
small  or  large  cylinders  are  in  use,  to  prevent  the  valve  from  freezing  and  thus 
hindering  the  flow  of  gas.   At  regular  intervals  all  rubber  tubing  should  be  care- 
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fully  examined  for  leaks.  The  machines  should  be  kepi  absolutely  clean  with  soap 
and  water.  In  our  clinic  the  face  masks  and  breathing  tubes  are  washed  after  each 
case,  rinsed  thoroughly,  put  in  a  1-40  carbolic  solution,  rinsed  again,  and  thoroughly 
dried.  After  a  septic  case  the  whole  machine  is  disinfected,  and  the  bags  and  tubes 
boiled.  The  celluloid  face  inhaler  is  thoroughly  washed  and  left  to  soak  over 
night  in  a  1-20  carbolic  solution.  Cultures  are  taken  as  a  routine  of  all  gas  ma- 
chines in  use,  and  the  results  recorded. 


c-RooM  Arrangement  of  Nitrous  Oxide-Oxygen  Apparatus 
AT  Lakeside  Hospital. 


TECHNIQUE  FOR  SPECIAL  OPERATIONS 

Abdominal  operations.  Since  nitrous  oxide  does  not  give  so 
much  muscular  relaxation  as  ether,  relaxation  must  be  obtained  by  special 
methods. 

If  a  local  aniesthetic  is  used  in  conjunction  with  nitrous  oxide  and 
oxygen,  muscular  rigidity  is  greatly  diminished,  but  even  with  this  com- 
bination certain  patients  cannot  be  sufficiently  relaxed  without  the  addi- 
tion of  ether  vapor.  It  is  important,  therefore,  in  selecting  a  machine 
for  general  surgical  work,  to  make  sure  that  the  ether  attachment  will 
dcHvcr  sufficient  ether  vapor  to  produce  the  necessary  surgical  relaxation 
under  any  condition.  Relaxation  depends  not  upon  the  amount  of  anes- 
thetic given  after  the  saturation  point  is  reached,  but  rather  upon  the 
evenness  with  which  the  an.-esthetic  is  administered.  The  importance  of 
maintaining  a  free  passage  for  the  gases  as  well  cannot  be  overestimated. 
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It  is  essential  that  the  patient  be  well  anzesthetized  before  the  opera- 
tion is  started.  If  relaxation  is  properly  secured  early  in  the  anassthesJa, 
it  can  be  held  remarkably  well  by  nitrous  oxide  and  oxygen,  with  only  an 
occasional  whiff  of  ether.  It  is  usually  easy  to  deepen  the  ansesthesia  if 
while  this  is  being  done  the  surgeon  will  stop  working  and  have  the 


FtG.  4b.    Large  Cylinders  of  Nitrous  Oxide-Oxygen  with  Duplex  Gauges 
AND  Connecting  Tubes, 

retractors  released.  After  the  major  part  of  the  operation  is  over,  the 
patient  is  brought  to  a  lighter  anesthesia;  and  after  the  peritoneum  has 
been  closed  the  operation  is  usually  continued  on  an  analgesic  mixture. 
Stertor  or  nausea  during  an  operation  usually  means  an  overdosage  of 
nitrous  oxide;  the  remedy  is  increased  oxygen.  Nitrous  oxide  does  not 
produce  irritation  of  the  throat ;  when  this  occurs  it  is  usually  due  to  the 
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introduction  of  ether  vapor  too  early  in  the  anaesthesia.  The  occurrence 
of  retching  as  the  result  of  intra-abdominal  manipulation  usually  indi- 
cates a  need  for  deepening  the  anaesthesia. 

In  cases  of  intestinal  obstruction  absolute  relaxation  is  usually 
needed,  so  that  ether  vapor  is  often  necessary.  The  use  of  oxygen  is  a 
great  factor  in  preventing  shock  in  these  operations.  While  the  intes- 
tinal anastomosis  is  being  performed,  the  anaesthesia  is  lightened,  but  is 
deepened  again  for  the  closing  of  the  wound. 

The  occurrence  of  vomiting,  which  often  comes  on  almost  impercep- 
tibly, is  carefully  watched  for,  and  the  mask  instantly  released  by  quickly 
taking  off  a  hemostat.  If  there  is  vomiting  from  the  beginning  of  the 
anaesthesia,  the  mask  is  held  over  the  face,  not  attached  with  the  towel 
Sponges  on  a  sponge  holder  are  at  hand  to  mop  out  the  throat  if  neces- 
sary.   The  pulse  is  closely  watched,  and  the  patient  kept  warm. 

In  gastro-enterostomy,  particularly  on  starved  and  anaemic  patients, 
the  use  of  ether  is  avoided,  unless  it  is  needed  to  secure  relaxation  during 
the  exploratory  part  of  the  operation.  During  the  anastomosis  the 
amount  of  the  anaesthetic  can  be  reduced  to  the  amount  needed  to  main- 
tain light  anaesthesia  or  analgesia.  The  anaesthesia  is  deepened  while 
tlie  peritoneum  is  sutured  and  then  lightened  again  to  analgesia.  Oxygen 
is  an  important  factor  in  maintaining  the  safety  of  the  patient. 

With  gall-bladder  cases,  particularly  of  the  fat  plethoric  type,  it  is 
difficult  to  maintain  an  even  anaesthesia,  since  the  nature  of  the  operation 
tends  to  produce  arrhythmic  respiration  and  prevent  the  even 
intake  of  the  anaesthetic.  The  patient  is  put  well  asleep  with  nitrous 
oxide  and  oxygen.  Ether  is  given  if  needed  to  secure  relaxation,  and 
then  withdrawn.  During  the  exploration,  especially  when  contact  is 
made  near  the  diaphragm,  extra  whiffs  of  oxygen  are  given  to  maintain 
comfortable  respiration.  The  exhaling  valve  is  always  released  if  there 
is  any  stress  on  the  expiration. 

When  the  patient  is  considered  a  poor  risk,  it  is  best  to  avoid  the  use 
of  ether  vapor,  and  to  rely  on  local  anaesthesia  for  the  relaxation  of  the 
abdominal  muscles.  By  maintaining  a  free  air-way,  and  by  the  judicious 
use  of  oxygen  the  anaesthetist  secures  a  comfortable  respiration,  which 
helps  to  relax  the  patient.  Ether,  if  necessarv,  is  given  in  whiffs  to 
stimulate  the  respiration  or  to  deepen  the  anaesthesia. 

Septic  cases,  cases  of  acute  appendicitis  and  peritonitis  do  better  if 
the  use  of  ether  can  be  avoided.  A  sli.o^ht  duskiness,  provided  the 
respiration  is  unobstructed,  is  to  be  preferred  to  the  use  of  ether. 

In  operations  on  the  kidney  the  use  of  ether  vapor  is  avoided  by 
lengthening  the  period  of  induction  and  by  increasing  the  nitrous  oxide 
content  of  the  anaesthetic  mixture.    The  maintenance  of  a  good  respira- 
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fory  exchange  is  of  the  utmost  importance,  and  unless  the  respiration  is 
free  and  unobstructed,  a  breathing  tube  is  used.  The  patient  should  be 
well  anfesthetized  before  he  is  moved  to  the  position  required  by  the 
operation  (Fig.  5).  Cyanosis  is  avoided.  If  ether  is  necessary  it  is 
always  given  in  whifiFs,  not  by  adding  a  definite  percentage  of  ether. 

For  gen i to-urinary  operations  nitrous  oxide-oxygen,  combined  with 
local  aniesthesia,  is  ideal.  If  ether  vapor  is  required  to  secure  relaxation 
or  to  deepen  the  anesthesia,  it  is  given  early  in  the  administration  and 


Fig.  5.    Position  of  Patient  for  Kidney  Operation. 

is  discontinued  as  quickly  as  possible.  If  needed  during  any  phase  of 
the  operation  it  is  given  in  whiffs  only. 

In  rectal  cases  special  care  is  taken  to  keep  the  patient  well  oxygenated, 
particularly  during  the  stretching  of  the  sphincter  muscle.  If  a  local 
anesthetic  is  used,  the  anaesthesia  is  usually  uneventful  and  nitrous 
oxide  and  oxygen  will  hold  the  patient  without  the  addition  of  ether.  If 
a  local  anesthetic  is  not  used,  ether  may  be  necessary. 

Operations  on  the  extremities.  For  reducing  dislocations  the 
necessity  for  muscular  relaxation  requires  the  addition  of  ether  to  the 
nitrous  oxide  and  oxygen  mixture.  The  reduction  of  fractures,  how- 
ever, may  be  satisfactorily  made  under  nitrous  oxide  and  oxygen  alone. 
For  amputations,  if  low  spinal  an<-Esthesia,  or  local  or  regional  ansrsthesia 
is  used,  light  nitrous  oxide  and  oxygen  do  admirably. 

Operations  on  the  spinal  cord.  For  these  cases  the  ordinary 
technique  applies,  particular  attention  being  given  to  assure  that  the 
patient  is  well  asleep  before  he  is  placed  in  the  prone  position.  These 
patients  should  be  closely  watched  for  signs  of  shock. 

Operations  for  pleurisy,  empyema,  abscess  of  lung.  In  these 
cases  the  routine  method  of  anesthesia  is  used  and  the  induction  made  as 
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comfortable  as  possible.  If  cyanosis  and  dyspnoea  are  present,  the 
patient  is  started  on  oxygen,  and  nitrous  oxide  is  gradually  added.  The 
use  of  oxygen  under  positive  pressure  has  proved  helpful,  and  the 
patients  seem  more  comfortable  when  this  procedure  is  used. 

The  position  of  the  patient  on  the  table  is  important.  A  modified 
kidney  position  with  no  weight  on  the  chest  or  shoulders  secures  maxi- 
mum comfort.  The  use  of  ether  vapor  should  be  avoided.  After  the 
operation  is  over,  oxygen  should  be  given  until  the  patient's  respiration 
has  become  regular  and  of  normal  rate. 

Operations  around  the  head,  face,  and  neck.    For  these  cases 

nasal  tubes  are  employed  to  eliminate  the  face  mask  from  the  field  of 
operation.  The  anaesthetist  should  have  graduated  sizes  of  nasal  tubes 
to  fit  any  patient  from  infant  to  adult  age  (Fig.  6a). 

The  patient  is  anaesthetized  in  the  usual  way,  except  that  2  per 
cent  of  ether  vapor  is  introduced  after  unconsciousness  is  secured  to 
prepare  the  patient  for  the  temporary  administration  of  ether  while  the 
nasal  tubes  are  being  inserted.  After  anaesthesia  is  secured  the  mask  is 
applied  and  drop  ether  used  while  the  nasal  tubes,  which  are  attached  to 
the  nitrous  oxide-oxygen  machine,  are  inserted  through  the  nose  to  the 
base  of  the  tongue.  The  mouth  is  kept  covered  with  gauze,  and  ether 
continued  until  the  respiratory  exchange  in  the  breathing  bag  shows 
that  the  tubes  are  properly  in  place.  The  tongue  is  then  pulled  gently 
forward  and  held  in  place  by  a  mouth  sponge.  In  operations  on 
the  neck  the  mouth  is  covered  with  a  moist  towel  to  minimize  the  escape 
of  nitrous  oxide  through  the  mouth.  The  tubes  can  be  so  adjusted  that 
the  surgeon  may  work  with  comfort  on  any  part  of  the  face  or  neck 
without  interference  from  the  anaesthetist.  It  is  most  important,  how- 
ever, for  the  anaesthetist  to  see  that  the  tubes  are  not  kinked  or  pressed 
upon  and  that  the  respiratory  exchange  in  the  bag  goes  on  uninterruptedly. 
The  goiter  mask  is  always  used  to  screen  the  anaesthetist  from  the 
operative  field.  After  the  tubes  are  properly  placed,  and  the  mouth 
packed,  it  is  usually  possible  to  continue  with  nitrous  oxide  and  oxygen 
alone  without  the  addition  of  ether  vapor.  There  is  practically  no  dan- 
ger of  obstruction  unless  blood  gets  into  the  throat. 

For  plastic  operations  on  the  nose  the  anaesthetic  is  administered  in 
the  usual  way.  An  air-way  is  inserted  and  the  nasal  tubes  put  down  to 
the  pharynx  through  the  mouth.  The  tubes  are  packed  in  place  by  mouth 
sponges,  and  the  mouth  is  covered  securely  to  prevent  the  escape  of  the 
gases. 

In  the  removal  of  glands  of  the  neck  the  face  mask  is  adjusted  in  the 
usual  way  unless  it  interferes  with  the  field  of  operation.  When  neces- 
sary,  the  nasal  tubes  may  be  inserted,  and  the  anaesthetist  may  take  the 
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position  most  convenient  for  the  surgeon,  being  screened  from  the  field 
of  operation  by  a  goiter  mask. 

For  operations  upon  the  eye,  the  surgeons  in  the  Lakeside  qhnic 
prefer  nasal  tubes  which  are  adjusted  according  to  the  technique  given 


Fic,  6a.    Adjustment  of  Nasal  Tubes  for  Operation  on  the  Face. 


above.  The  anaesthetist  is  screened  from  the  field  by  the  mastoid 
screen,  described  in  another  section.  The  tubes  are  always  adjusted  so 
that  the  surgeon  is  not  inconvenienced  by  the  anaesthetist. 

A  laryngectomy  at  the  Lakeside  clinic  is  performed  in  two  stages. 
For  the  first  operation,  the  anesthetic  is  given  in  the  usual  way.    The 
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fact  that  when  necessary  it  is  possible  to  give  oxygen  under  pressure 
and  so  to  overcome  obstruction  or  distressed  respiration  adds  greatly 
to  the  sense  of  security  on  the  part  of  the  anaesthetist,  and  to  the  safety 
of  the  patient.  At  the  end  of  the  first  operation,  the  tracheotomy  tube 
is  usually  inserted.  The  patient  is  then  sent  back  to  his  room,  and  in  the 
interval  before  the  major  operation  becomes  accustomed  to  breathing 
through  this  tube.  The  major  operation  is  the  laryngectomy  performed 
several  days  later.  For  this  the  patient  is  anaesthetized  through  the 
trachea  by  means  of  a  rubber  tube  to  which  an  exhaling  valve  is  attached 
(Fig.  7).    This  tube,  which  is  sterilized,  is  held  gently  over  the  tracheal 
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Fig.  6b.    ANiESTHETic  Inhaler  for  the  Extraction  of  Teeth. 


opening  until  analgesia  is  established.  Then  it  is  fitted  closely  over  the 
trachea,  and  when  anaesthesia  has  been  secured  it  is  slipped  into  the 
tracheal  opening  by  the  surgeon,  and  sutured  into  place.  The  anaesthe- 
tist changes  to  a  position  away  from  the  field,  and  the  goiter  screen  is 
adjusted.  As  the  anaesthetist  is  entirely  away  from  the  field  the  second 
surgical  assistant  is  charged  with  keeping  the  tracheal  tube  from  being 
kinked  or  compressed. 

The  anaesthetic  is  given  as  usual ;  the  nitrous  oxide  dosage,  however, 
is  even  more  closely  watched  than  in  other  operations,  as  on  account  of 
the  direct  unobstructed  feeding  of  the  nitrous  oxide  and  oxygen  to  the 
patient,  the  possibility  of  oversaturation  must  be  constantly  kept  in 
mind.  If  for  any  reason  oxygen  is  needed,  it  is  readily  given  by  switch- 
ing over  to  the  oxygen  valve  for  a  few  breaths.  The  anaesthesia  in  these 
cases  is  usually  uneventful.  Since  postoperative  pneumonia  is  a  special 
danger,  it  is  important  to  avoid  ether.  After  the  operation  the  patient 
is  given  oxygen  until  the  respiration  is  normal;  then  the  tracheotomy 
tube  is  reinserted,  and  the  patient  is  sent  back  to  his  room.    The  final 
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plastic  work  is  usually  done  under  light  analgesia,  administered  by  hold- 
ing the  sterilized  tube  over  the  tracheotomy  opening. 

In  mastoid  operations  the  face  inhaler  is  adjusted  in  the  usual  way 
except  that  the  towel  is  applied  lower  down,  and,  where  it  would  interfere 
with  the  field,  a  two-inch  bandage  is  slipped  through  and  the  towel 
narrowed  by  tying  the  bandage  tightly  together.  The  side  packing  is 
then  put  in  snugly  to  avoid  leaking,  and  the  head  placed  in  the  proper 
position.  A  small  pad  is  put  under  the  side  of  the  face  to  tilt  the  head 
up  and  to  help  the  anaesthetist  keep  the  mask  from  being  pushed  out  of 
place. 

The  maintenance  of  anaesthesia  for  a  mastoid  operation  is  usually  a 
very  easy  procedure,  the  only  point  of  special  importance  being  to  avoid 


Fig.  7.    Tracheal  Tube  Used  in  Laryngectomy. 


pressure,  as  this  will  increase  the  bleeding.  The  anaesthetist  works  with 
the  exhaling  valve  open  and  if  necessary  secures  tranquil  respiration 
with  an  air- way.  Cyanosis  is  avoided,  and  if  the  operator  complains  of 
increased  bleeding  in  the  field,  the  anaesthetist  switches  to  ether  and 
oxygen  until  this  venous  congestion  is  lessened. 

In  the  Lakeside  clinic  the  operators  work  with  a  head  light  and  in 
a  darkened  room,  and  for  this  reason  it  is  necessary  for  the  anaesthetist 
to  have  a  screened  electric  light  which  can  be  switched  on  and  oflf  when 
needed  (Fig.  8). 

For  operations  on  the  brain  the  same  technique  as  for  mastoid  work 
is  employed.  It  is  of  prime  importance  to  secure  a  soft,  even  respiration 
and  to  avoid  the  use  of  pressure  on  the  exhaling  valve.  In  cases  where 
the  face  mask  would  interfere  with  the  field,  nasal  tubes  are  inserted. 
Usually  light  anaesthesia  can  be  maintained.  If  ether  vapor  is  required 
it  is  given  early  in  the  administration  and  then  withdrawn  if  possible. 

In  adenoid  and  tonsil  operations  when  drop  ether  is  used  temporarily, 
cold  cream  is  applied  to  the  patient's  face,  and  extra  precautions  taken 
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to  protect  the  eyes.  To  children  from  one  to  ten  years  old,  nitrous  oxide 
and  oxygen  are  given  for  induction.  Ether  vapor  is  then  introduced 
slowly  and  increased  until  the  patient  is  well  asleep.  Drop  ether  is  used 
while  the  mouth  gag  is  put  in  and  the  mouth  tube  adjusted.  The  anaesthe- 
tic mixture  of  nitrous  oxide  and  oxygen  plus  ether  vapor  is  then  given 
through  the  mouth  tube.  Gauze  is  placed  around  the  gag  in  such  a  way  as 
to  exclude  air  from  the  nostrils,  and  is  so  arranged  that  the  loose  ends  can 
be  brought  up  and  folded  over  the  mouth  to  prevent  the  escape  of  the 
anaesthetic  through  this  orifice,  while  the  surgeon  controls  bleeding  by 
pressure.  The  anaesthetic  can  be  augmented  also  by  dropping  ether  on 
this  gauze  if  such  a  procedure  is  necessary.  On  account  of  the  open 
mouth  it  is  usually  necessary  to  force  the  ether  vapor  and  to  increase 
the  pressure  of  the  gases.  This  is  done  by  screwing  down  part  way  the 
regulating  valve  at  the  top  of  the  automat  (Ohio  monovalve).  For  ton- 
sil operations  on  adults  the  Connell  ether  vaporizer  with  suction  attach- 
ment is  very  satisfactory. 

In  the  Lakeside  clinic  the  nasal  inhaler  (Fig.  6b)  is  not  often  used, 
except  for  the  administration  of  an  anaesthetic  for  the  extraction  of 
teeth,  or  for  establishing  analgesia  for  minor  work  on  the  face  when  the 
nasal  mask  is  feasible.  In  such  cases  the  inhaler  is  placed  over  the  nose» 
care  being  taken  not  to  press  up  on  the  alae  and  so  close  the  nostrils.  The 
patient  is  instructed  to  breathe  through  the  nose  and  to  keep  the  mouth 
closed.  If  the  patient  cannot  do  this,  the  mouth  must  be  covered  with  a 
piece  of  rubber.  For  the  extraction  of  teeth  the  patient  should  be  well 
anaesthetized. 

For  cleft  palate  operations  in  children  up  to  five  years  of  age  nitrous 
oxide  and  oxygen  and  ether  vapor  are  given.  Drop  ether  is  used  only 
for  a  few  minutes  while  the  mouth  gag  is  being  put  into  position,  and 
the  mouth  hook  and  gauze  adjusted,  as  for  tonsil  operations.  The  pressure 
on  the  oxygen  automat  is  regulated  so  as  to  secure  the  necessary  force  to 
express  the  ether  vapor,  as  with  the  wide  open  mouth  the  gas  must  be 
used  under  some  pressure. 

With  little  children  45  gallons  per  hour  of  nitrous  oxide  plus  5-15 
per  cent  ether  vapor,  with  enough  oxygen  to  maintain  an  absolute  pink 
color,  is  the  usual  mixture.  Gauze  is  arranged  around  the  mask  in  the 
same  way  as  for  a  tonsil  operation.  The  tongue  is  gently  brought  for- 
ward and  held  in  position  by  a  small  silk  suture  through  it.  A  small 
sponge  is  placed  in  the  throat  to  prevent  the  inhalation  of  blood.  The 
anaesthetist  must  remember  that  the  sponge  may  slip  too  far  down  the 
pharynx  and  cause  obstruction. 

The  special  anaesthetic  mouth  tube  must  be  kept  out  of  the  operative 
field,  and  the  anaesthesia  should  be  deep  enough  to  prevent  moving  or 
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any  return  of  the  throat  reflex.  It  is  annoying  to  the  surgeon  to  have 
intermittent  ancesthesia  for  such  work,  and  it  requires  attention  and 
skill  on  the  part  of  the  ansesthetist  to  maintain  a  smooth  amesthesia  with 
the  wide  open  mouth.  It  is  essential  that  the  child  be  well  asleep  before 
the  operation  is  started.  After  the  operation  is  over  the  child  is  turned 
on  the  side  with  the  head  slightly  lowered,  and  is  carefully  watched  for 
signs  of  obstruction  from  the  collection  of  blood  in  the  throat.  It  is 
most  important  to  keep  these  children  warm  and  out  of  drafts. 


Frc.  8.  Arrangement  of  Patient  for  Mastoid  Operation  with  Screened  Light. 

For  cleft  palate  operations  in  adults  the  Connell  ether  vaporizer  with 
its  suction  attachment  is  used,  but  there  should  always  be  at  hand  the 
mouth  tube  attached  to  the  nitrous  oxide  machine,  so  that  oxygen  can  be 
given  if  necessary. 

Operations  for  exophthalmic  and  obstructive  goiter.  Liga- 
tion of  the  superior  thyroid  artery  is  usually  done  in  the  patient's  room 
under  analgesia.  The  patient  as  a  rule  is  given  inhalations  of  nitrous 
oxide  for  several  days  before  the  actual  ligation  is  to  take  place.  The  first 
inhalation  is  brief;  the  anaesthetist  explains  to  the  patient  what  is  being 
done  and  notes  the  manner  in  which  he  takes  the  nitrous  oxide,  particu- 
larly with  reference  to  any  nervous  reaction  or  change  in  the  rate  and 
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character  of  the  pulse.  It  is  wiser  not  to  try  to  give  an  inhalation  with  the 
patient  propped  up  on  several  pillows.  When  the  ligation  is  to  be  done 
a  small  firm  pad  is  placed  under  the  nape  of  the  neck  in  such  a  manner  as 
to  extend  the  head  and  give  the  surgeon  a  better  working  field.  If  the 
patient  protests  that  he  cannot  breathe  without  having  his  head  raised, 
the  pillows  are  allowed  to  remain,  and  are  not  removed  until  the  patient 
is  well  under  analgesia.  By  reason  of  the  hyperactivity  of  respiration, 
the  exaggerated  sense  of  fear,  the  marked  response  to  all  stimuli,  and  the 
impaired  heart  function,  it  is  a  real  achievement  to  keep  a  bad  exophthal- 
mic case  under  analgesia  for  a  ligation  or  a  thyroidectomy. 

The  only  possible  danger  in  operating  under  analgesia  is  shock  from 
pain,  for  it  must  be  remembered  that  analgesia  does  not  always  secure 
indifference  to  an  unexpected  or  sudden  injury.  If  such  an  injury  is  not 
quickly  covered  with  sufficient  anaesthesia  to  take  care  of  the  reflex,  the 
patient  may  become  excited  and  hard  to  manage.  Another  serious 
difficulty  is  the  endeavor  of  the  patient  to  escape  hurt  by  moving,  and  by 
trying  to  get  his  hands  in  the  field  of  operation.  With  the  use  of  a  local 
aucTesthetic  in  combination  with  the  nitrous  oxide,  this  difficulty  is  almost 
obviated.  If  for  any  reason  the  patient  cannot  be  comfortably  con- 
trolled with  analgesia,  the  wisest  course  is  to  secure  a  quiet  patient  by 
means  of  deeper  anaesthesia,  and  after  the  hard  part  of  the  operation  is 
over  to  return  to  analgesia. 

After  analgesia  is  well  established,  the  hands  are  pinned  to  the  draw 
sheet  for  the  ligation.  The  surgeon  then  comes  in  and  the  patient 
is  prepared  for  operation.  After  the  ligation  is  finished,  the  surgical 
staff  go  out  of  the  room,  the  instruments  and  linen  are  removed,  the 
room  darkened,  an  ice  cold  cloth  placed  over  the  patient's  eyes,  ice  bags 
applied  to  his  heart,  and  he  is  allowed  to  waken  to  exactly  the  same  en- 
vironment as  that  in  which  he  went  to  sleep. 

Following  the  second  ligation,  after  a  period  of  rest  under  the  direc- 
tion of  the  surgeon,  the  patient  is  again  given  inhalations  preliminary 
to  the  thyroidectomy.  On  the  day  on  which  the  operation  is  to  be  per- 
formed, the  procedure  is  the  same  as  before  ligation,  except  that  the 
patient  is  completely  anaesthetized.  When  anaesthesia  is  established  he 
is  taken  to  the  operating  room.  During  the  operation,  as  light  an  anaes- 
thesia as  possible  is  maintained.  Cyanosis  is  never  permitted  under  any 
circumstances.    Ether  is  always  avoided  if  possible. 

After  the  operation  is  over  the  patient  is  brought  to  a  state  of  anal- 
gesia, and  the  dressing  put  on.  He  is  then  lifted  from  the  operating 
table  to  the  wheel  stretcher,  and  the  breathing  tube  is  switched  back  to 
the  portable  machine.  The  patient  is  conveyed  back  to  the  ward  under 
analgesia.    Ice  bags  are  applied  to  the  heart  and  ice  cold  cloths  to  the 
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head.  As  after  the  ligation,  the  patient  awakens  in  a  cool,  darkened 
room  with  only  the  anaesthetist  and  the  nurse  present. 

If  there  is  any  distress  in  respiration,  oxygen  is  given  until  the 
patient  is  comfortable.  In  severe  cases  a  wheel  bed  with  pillows  arranged 
comfortably  is  taken  to  the  operating  room,  and  the  patient  is  lifted 
from  the  operating  table  directly  to  the  bed. 

Exophthalmic  goiter  patients  present  a  special  problem  to  the  anaes- 
thetist, for  they  need  the  most  careful  attention  and  their  condition  must 
be  accurately  gauged.  It  is  essential  to  remember  that  the  exaggerated 
need  of  oxygen  by  these  patients  must  be  supplied. 

If  there  is  encroachment  or  pressure  on  the  trachea  oxygen  under 
pressure  is  the  remedy.  Obstruction  to  respiration  must  not  be  tolerated. 
Even  a  slight  obstruction  which  would  pass  with  only  slight  disturbance 
to  a  more  stable  patient,  is  a  source  of  fatigue  and  possible  shock  to  these 
highly  sensitized  patients.  A  failure  to  respond  to  oxygen  when  the 
mechanism  of  breathing  is  properly  taken  care  of  is  a  matter  of  grave 
anxiety,  and  must  be  reported  promptly  to  the  surgeon,  for  in  rare 
instances  it  may  be  necessary  to  resort  to  tracheotomy. 

Any  surgical  procedure  involving  injury  or  pressure  on  the  laryngeal 
nerv^e  produces  marked  stertor  and  disturbances  of  the  respiration.  Oxy- 
gen given  under  pressure,  and  lighter  anaesthesia,  if  possible,  are  the 
best  procedures.  Unfortunately  this  involvement  brings  with  it  the  rest- 
lessness which  interference  with  the  process  of  breathing  may  produce. 
To  cover  this  complication  anaesthesia  must  sometimes  be  deepened.  It 
is  here  that  the  ability  of  the  anaesthetist  is  taxed,  for  the  problem  of 
maintaining  a  quiet  patient,  and  at  the  same  time  taking  care  of  the 
exaggerated  need  of  oxygen,  is  a  hard  one.  The  pressure  sense  is  much 
exaggerated  in  these  patients,  and  it  is  therefore  necessary  to  cover  with 
deeper  anaesthesia  the  procedure  of  dislocating  a  deep  goiter. 

Obstetrical  operations.  Our  experience  with  obstetric  cases  has 
been  limited.  Analgesia  during  the  labor  pains,  increasing  to  anaesthesia 
for  the  delivery  of  the  head,  and  then  returning  to  analgesia,  has  proved  a 
satisfactory  technique.  The  hyperactivity  of  the  respiration  of  these 
patients  necessitates  an  increase  in  the  volume  of  the  gases.  A  deep 
anaesthesia  is  contra-indicated,  and  the  oxygen  content  should  be  carefully 
watched  for  the  sake  of  both  the  mother  and  the  child. 

TECHNIQUE   FOR  SPECIAL  TYPES   OF   CASES 

It  is  essential  that  the  technique  of  administration  to  children  should 
be  verv  conservative  and  elastic.  The  administration  of  the  anaesthetic 
is  started  slowly,   the  mask  being  held  away   from  the  child's   face, 
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and  the  gas  allowed  to  flow  over  the  face  until  sleepiness  is  induced. 
The  dosage  is  diminished  if  signs  of  cyanosis  appear.  As  the  induction 
progresses,  the  mask  is  brought  down,  but  is  not  fitted  closely  as  in  an 
adult.  It  is  held  so  that  the  child  can  breathe  into  it  with  a  fair  amount 
of  comfort.  The  exhaling  valve  is  left  wide  open.  The  shallow  respira- 
tion of  children  usually  makes  it  necessary  to  consider  the  danger  that 
carbon  dioxide  may  accumulate  in  the  breathing  tube.    To  obviate  this 


Fig.  9.     Transfer  of  Anesthetized  Tatient  from  Wheel  .Stretcher  to  the 
Operating  Table. 


the  nitrous  oxide  content  is  kept  as  fresh  as  possible,  A  very  low  nitrous 
O-xide  content  is  used,  and  until  respiration  is  established  2-5  per  cent  of 
ether  vapor  is  added  to  the  mixture.  If  mucus  accumulates,  we  may 
discontinue  the  ether  vapor  and  cautiously  increase  the  nitrous  oxide  to 
a  point  not  exceeding  60-70  gallons  per  hour,  with  enough  oxygen  to 
maintain  a  perfect  color.  If  obstruction  occurs  we  slip  in  a  small  air-way 
and  try  to  avoid  ether  temporarily.  After  the  saturation  point  is  reached, 
the  problem  is  much  simpler,  and  the  child  usually  goes  on  very  well  on 
a  nitrous  oxide  content  of  45  gallons  per  hour  with  sufficient  oxygen  to 


TECHNIQUE  FOR  SPECIAL  TYPES  OF  CASES  93 

secure  good  color,  and  3-5  per  cent  ether  vapor.  No  definite  rule  as  to 
the  amount  of  oxygen  can  be  given;  the  anaesthetist  must  follow  the 
clinical  guides  of  a  good  color  and  a  comfortable  respiration. 

If  for  any  reason  the  operation  is  prolonged,  special  caution  must  be 
exercised  to  avoid  the  possibility  of  an  overdosage  of  gas,  the  sign  of 
which  will  be  paleness  of  the  child's  face.  We  are  always  concerned 
when  anaesthesia  in  a  small  child  is  prolonged  over  45  minutes.  An 
hour  is  the  maximum  safe  period.  The  rule  that  patients  must  be  pro- 
tected from  drafts  and  kept  warm  should  be  particularly  observed  with 
little  children. 

With  children  over  5  years  and  under  10  years  the  same  technique 
as  Avith  younger  children  is  observed  except  that  the  subject  is  usually 
better  adapted  for  anaesthesia ;  he  breathes  through  the  face  inhaler  and 
tube  with  more  comfort;  and  it  is  safer  to  increase  the  nitrous  oxide 
dosage.  However,  the  instability  of  children  under  anaesthesia  should 
be  always  borne  in  mind,  and  the  anaesthetist  should  make  a  special 
effort  to  maintain  an  even  anaesthesia. 

Anaemic  and  frail  children  must  be  watched  closely.  With  such 
children  the  anaesthesia  is  started  with  oxygen;  the  nitrous  oxide  con- 
tent should  be  added  as  cautiously  and  quickly  as  the  condition  warrants. 
Anaemic  children  require  a  longer  induction  period  and  must  be  care- 
fully watched  to  avoid  oversaturation  with  the  anaesthetic.  The  possi- 
bility of  status  lymphaticus  should  be  borne  constantly  in  mind.  Fat 
children  with  pasty  complexions  also  require  special  care. 

The  young  adult  is  usually  a  safe  subject  for  anaesthesia,  but  for  a 
short  time  in  the  second  stage  may  be  a  little  troublesome.  The  nitrous 
oxide  and  oxygen  produce  unconsciousness  so  quickly  that  trouble  comes 
mostly  in  the  second  stage.  Usually  the  respiration  is  overactive,  and 
the  danger  of  overdosage  must  therefore  be  kept  constantly  in  mind. 
Nausea,  too,  seems  to  occur  more  frequently  during  this  period. 

If  nitrous  oxide  does  not  give  complete  anaesthesia,  ether  vapor  is 
added,  but  on  account  of  mucus  and  vomiting  it  is  well  to  work  off  the 
ether  content  as  quickly  as  possible.  A  tendency  to  spasm  and  to  clinch- 
ing of  the  teeth  is  often  noted  in  this  type  of  patient,  particularly  in 
young  boys,  and  it  is  therefore  important  to  make  sure  that  the  gauze 
dental  plug  is  inserted  between  the  teeth  before  the  administration  of  the 
anaesthetic  is  started. 

Young  adults  are  not  good  subjects  for  analgesia,  and  therefore  it  is 
easiest  to  secure  complete  unconsciousness  first,  and  then  bring  the  patient 
back  slowly  to  the  analgesia  stage. 

Adults  above  21  years  of  age  when  in  normal  condition  take  nitrous 
oxide  and  oxygen  safely,  although  the  individual  physical  characteristics 
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modify  or  increase  the  anaesthetic  problem.  These  patients  usually  have 
good  mental  self-control,  which  adds  to  the  safety  of  the  anaesthesia. 

Elderly  people  as  a  rule  take  anaesthetics  well.  Special  care  must 
be  taken  in  cases  of  arteriosclerosis  and  chronic  bronchitis  to  avoid  cyan- 
osis. In  most  cases  after  anaesthesia  is  established  a  lighter  mixture  of 
the  gases  is  possible,  from  60  to  90  gallons  of  nitrous  oxide  per  hour, 
with  oxygen  sufficient  to  maintain  an  easy  respiration  and  good  color. 
If  necessary,  ether  is  given  in  whiffs  early  in  the  anaesthesia.  These 
patients  are  usually  good  subjects  for  analgesia. 

Athletes  and  alcoholics  are  alike  in  being  a  cause  of  anxiety  to  the 
anaesthetist.  With  such  cases  it  is  better  to  use  nitrous  oxide  and  oxygen 
alone  in  the  induction  stage.  The  mask  is  adjusted  under  very  light 
analgesia  so  that  the  mental  control  of  the  patient  by  the  anaesthetist  may 
not  be  lost.  The  second  stage  is  made  as  short  as  possible,  particular 
heed  being  paid  to  the  oxygen  content  of  the  anaesthetic  mixture.  If 
there  is  muscular  activity  more  oxygen  is  required.  Pressure  on  the 
exhaling  valve  is  avoided  until  the  patient  is  unconscious.  As  in  most 
cases,  ether  must  be  added  to  secure  necessary  relaxation ;  about  2  per 
cent  is  cautiously  introduced  to  anaesthetize  the  mucous  membrane.  When 
the  active  second  stage  appears,  the  percentage  of  ether  can  be  quickly 
increased  to  a  dosage  that  will  control  the  patient.  With  alcoholics  a 
good  color  is  usually  maintained  with  from  115  to  130  gallons  of  nitrous 
oxide  per  hour,  with  sufficient  oxygen  to  maintain  color,  and  from  1 5  to 
18  per  cent  of  ether.  This  mixture  is  continued  until  the  respiratif»n  be- 
comes regular  and  quiet,  and  the  patient  is  well  asleep  and  relaxed.  The 
ether  content  is  then  diminished  cautiously,  and  if  possible  is  discontinued 
altogether.  If  during  the  operation  it  appears  that  the  nitrous  oxide  con- 
tent cannot  safely  be  increased,  whiffs  of  ether,  15  per  cent,  may  be 
given  as  indicated  by  the  state  of  the  patient.  It  is  essential  to  avoid 
cyanosis.  To  obviate  the  danger  of  bronchitis  or  pneumonia,  it  is  of 
prime  importance  to  give  the  least  possible  amount  of  ether  required  to 
secure  the  necessary  relaxation  and  depth  of  anaesthesia,  and  to  make  sure 
that  the  patient  is  properly  protected  from  drafts. 

It  usually  requires  a  longer  time  to  anaesthetize  obese  than  normal 
patients.  Ether  should  be  avoided  until  the  patient  is  completely  uncon- 
scious; then,  if  necessary,  ether  is  added  to  the  nitrous  oxide-oxygen 
mixture.  If  the  operation  is  abdominal  and  more  relaxation  is  called  for, 
a  small  percentage  of  ether  is  needed  until  the  patient's  mucous  membrane 
is  anaesthetized,  after  which  sufficient  ether  is  added  to  secure  the  relaxa- 
tion demanded  by  the  surgeon. 

The  possibility  of  obstructed  breathing  is  always  present  in  these 
cases,  and  if  it  occurs  even  to  a  slight  degree  an  air- way  should  be  ii^- 
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serted  at  once  and  the  mask  re-adjusted.  If  the  Trendelenburg  position 
is  required,  extra  oxygen  is  given  while  the  adjustment  is  being  made. 
Fat  patients  do  not  tolerate  the  Trendelenburg  position  for  any  length  of 
time.  Ether  is  badly  borne  by  fat  people;  if  its  use  is  necessary,  it  should 
be  given  early  in  the  anaesthesia,  and  discontinued  as  soon  as  possible. 

In  the  presence  of  pulmonary  tuberculosis  every  effort  should  be 
made  to  avoid  the  use  of  ether. 

The  quick  unconsciousness  induced  by  nitrous  oxide  and  oxygen 
helps  to  control  insane  patients.  It  is  important  to  have  assistants  at 
hand  to  hold  the  patient  if  necessary,  so  as  to  get  him  to  sleep  as  quickly 
as  it  can  be  safely  accomplished. 

Epileptics  must  be  watched  closely  for  the  onset  of  an  attack.  The 
mouth  prop  should  always  be  inserted  before  starting  the  anaesthetic. 
If  a  seizure  should  occur,  the  anaesthetic  dosage  must  be  decreased  im- 
mediately. In  one  case  in  our  experience,  when  an  attack  occurred  during 
an  abdominal  operation,  oxygen  relieved  the  spasm ;  and  decreasing  the 
gas  mixture  to  an  analgesic  dosage  controlled  the  patient  for  the  re- 
mainder of  the  operative  procedure.  A  wooden  mouth  gag  should  be 
inserted  during  the  period  of  recovery  from  the  anaesthetic,  to  avoid 
the  possibility  of  the  patient's  biting  his  tongue. 

Cachectic  patients  and  poor  risks  are  usually  in  a  state  of  acidosis 
and  must  be  carefully  watched  during  the  induction  stage.  These  patients 
demand  more  oxygen  than  do  normal  patients,  and  the  lightest  possible 
anaesthesia  compatible  with  the  operative  procedures  should  be  main- 
tained. They  should  be  watched  closely  for  symptoms  of  shock  and 
must  be  kept  warm.  The  duration  of  the  anaesthesia  is  a  matter  of 
concern,  and  therefore  when  an  operation  is  prolonged  the  anaesthetist 
must  be  careful  to  diminish  the  dosage  as  quickly  as  is  consistent  with 
the  maintenance  of  unconsciousness.  Combined  local  and  general  anaes- 
thesia is  especially  important  in  these  cases. 

Patients  with  heart  disease  usually  take  nitrous  oxide  and  oxygen 
quite  comfortably.  It  is  of  special  importance  to  give  them  a  slow  and 
easy  induction,  avoiding  any  struggling  or  resistance,  and  to  maintain 
a  good  color  and  unobstructed  respiration.  The  anaesthesia  should  be 
deep  enough  to  keep  the  patient  quiet.  The  nitrous  oxide  content  is 
increased  cautiously  and  whiffs  of  ether  vapor,  10-15  per  cent,  are 
given,  unless  a  quiet  and  even  respiration  with  good  color  can  be  main- 
tained by  the  gas  mixture  alone.  In  placing  these  patients  in  the  Tren- 
delenburg position,  color  and  pulse  are  carefully  watched  throughout 
the  operation. 

Usually  80  or  90  gallons  of  nitrous  oxide  per  hour  with  sufficient  oxy- 
gen to  maintain  color,  and  with  whiffs  of  ether  when  necessary,  will  prove 
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a  satisfactory  mixture  for  these  cases.  In  the  Lakeside  clinic  these 
patients  are  given  special  pre-operative  care  and  rest,  an  important  factor 
in  minimizing  anaesthetic  complications. 

Our  confidence  in  the  value  of  nitrous  oxide-oxygen  as  compared 
with  ether  is  based  upon  an  experience  which  includes  32,100  adminis- 
trations by  the  anaesthetic  staff  of  Lakeside  Hospital.  In  this  series  there 
has  been  but  one  anaesthetic  death,  and  this  due  to  the  unfortunate  fact 
that  a  difficult  case  was  entrusted  to  an  anaesthetist  who  had  not  yet  com- 
pleted her  training. 

While  nitrous  oxide  is  far  more  expensive  than  ether,  and  impera- 
tively demands  a  specially  trained  anaesthetist  for  its  safe  administration, 
the  comfort  and,  above  all,  the  safety  of  the  patient  make  it  an  eminently 
satisfactory  and  useful  anaesthetic. 


CHAPTER  III 

LOCAL  ANESTHESIA 

The  attempt  to  produce  local  anaesthesia  so  as  to  render  operations 
painless  is  not  new,  but  dates  back  many  centuries.  All  of  the  older 
methods,  however,  have  now  but  an  historical  interest.  Many  of  them, 
such  as  the  local  use  of  lizard  oil,  powdered  crocodile  skin,  prolonged 
pressure,  constrictors  applied  about  an  extremity  partially  to  interrupt 
the  circulation,  the  spraying  of  carbonic  acid  gas  on  a  raw  or  denuded 
surface,  freezing  by  the  use  of  snow  or  ice,  undoubtedly  had  some  effect 
in  benumbing  the  parts,  but  all  of  these,  with  the  exception  of  freezing, 
have  long  since  fallen  into  disuse.  Freezing  still  finds  a  very  limited 
use  when  it  is  desired  to  make  short  and  superficial  incisions  for  the 
opening  of  abscesses,  or  to  render  the  skin  anaesthetic  before  introducing 
a  trocar  or  exploring  needle.  Anaesthesia  produced  in  this  manner  is  of 
very  brief  duration. 

The  best  method  of  freezing  a  small  area  is  by  the  use  of  the  ethyl  chloride 
spray.  Ethyl  chloride  is  a  colorless,  volatile,  inflammable  liquid  with  a  boiling 
point  between  12  and  13  degrees  centigrade.  It  is  furnished  the  trade  in  glass 
tuljes  containing  from  30  to  60  ccm.,  with  a  fine  capillary  delivery  tube  having  an 
automatic  closing  cap.  When  the  cap  is  opened  and  the  glass  tube  held  in  the  hand, 
with  the  cap  end  down,  a  fine  stream  of  ethyl  chloride  is  projected  from  the 
capillary  tube.  This  should  be  sprayed  on  the  part  to  be  frozen  until  the  skin 
becomes  white  and  feels  hard  and  leathery;  it  is  then  ready  to  be  incised.  Care 
should  be  taken  not  to  freeze  the  part  too  deeply  or  to  continue  the  freezing  too 
long,  as  the  tissues  may  be  injured  so  that  necrosis  results. 

The  marked  degree  of  vasoconstriction  which  is  produced  by  the  intense  cold 
is  followed  by  vasodilatation  when  reaction  comes  on,  and  a  local  hyperaemia 
may  persist  for  some  time.  Reaction  is  also  usually  accompanied  by  more  or  less 
pain  of  a  burning  character.  When  it  is  desired  to  limit  the  effects  of  ethyl  chloride 
to  a  small  area  the  surrounding  parts  may  be  protected  by  smearing  them  with 
vaseline. 

Freezing  about  the  eyes  and  anus,  if  done  at  all,  should  be  carried  out  with 
great  caution. 

Modern  local  anaesthesia  dates  from  the  discovery  of  the  local  anaes- 
thetic properties  of  cocaine.  While  Scherzer  probably  was  the  first  to 
report  on  the  anaesthetic  properties  of  cocaine,  it  was  not  until  Koller  in 
1884  demonstrated  that  the  instillation  of  a  two  per  cent  solution  of 
cocaine  in  the  eye  produced  a  sufficient  degree  of  local  anaesthesia  to 
permit  the  performance  of  operations  upon  the  eye  without  pain  that 
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the  substance  came  into  general  use.  At  first  the  high  cost  of  the  natural 
alkaloid  made  from  the  cocoa  plant  (erythroxolon  cocoa)  materially 
restricted  its  use,  but  the  discovery  of  synthetic  cocaine  soon  placed  the 
substance  within  the  reach  of  all.  Ophthalmologists  were  the  first  to 
make  extensive  use  of  cocaine  anaesthesia,  but  the  fact  that  a  solution 
of  cocaine  produced  anaesthesia  when  applied  to  any  mucous  membrane 
soon  led  to  its  use  by  laryngologists  and  rhinologists,  and  later  by  all 
surgeons  in  operations  on  exposed  mucous  membranes.  Cocaine  was  a 
great  boon  to  eye,  ear,  nose,  and  throat  surgeons,  and  its  use  greatly 
advanced  nasal  and  laryngeal  surgery  by  permitting  operations  to  be 
performed  on  the  nose  and  throat  which  hitherto  had  been  quite  im- 
possible. 

A  solution  of  cocaine  produces  no  eflFects  when  applied  to  the  unbroken 
skin;  it  is  reasonable  to  assume,  however,  that  an  agent  so  potent  when 
applied  to  mucous  membrane  must  also  be  effective  if  brought  in  contact 
with  raw  or  denuded  surfaces,  or  if  injected  into  the  tissues  beneath  the 
skin ;  and  experience  has  demonstrated  that  such  is  the  case.  Careful  ex- 
perimental investigation  of  the  physiological  action  of  cocaine  shows  that 
it  has  the  effect  of  inhibiting  or  arresting  temporarily  or  permanently 
the  activity  of  all  living  protoplasm.  It  produces  anaesthesia,  therefore, 
by  arresting  temporarily  the  activity  of  the  sensory  nerves  with  which 
it  comes  in  contact.  It  either  has  a  special  or  elective  affinity  for  nerve 
cells,  or  the  activity  of  nerve  cells  is  more  easily  affected  than  that  of 
other  living  cells.  Affecting  as  it  does  the  activity  of  all  nerve  cells,  it 
is  immaterial  whether  it  be  brought  in  contact  with  the  nerve  endings, 
with  the  nerve  in  continuity,  or  with  the  nerve  centers,  so  far  as  the 
production  of  anaesthesia  is  concerned. 

If  the  nerve  with  which  it  comes  in  contact  be  a  motor  nerve,  paralysis 
of  motion  takes  place ;  if  the  nerve  be  both  sensory  and  motor,  sensation 
is  lost  before  motion. 

The  term  local  anaesthesia  applies  to  all  forms  of  anaesthesia,  how- 
ever induced,  which  affect  a  more  or  less  limited  area  of  the  body  in  a 
conscious  person.  When  the  anaesthesia  is  produced  by  applying  the 
substance  to  the  peripheral  nerve  endings  it  is  called  peripheral  or 
infiltration  anaesthesia.  When  the  substance  is  applied  to  a  limited 
portion  of  a  nerve  trunk  in  continuity  it  is  called  regional  or  con- 
duction anaesthesia,  or  nerve  blocking;  when  it  is  injected  into  the 
central  spinal  canal  it  is  called  central  or  spinal  anaesthesia.  Spinal 
anaesthesia  is  discussed  in  the  following  chapter. 

The  great  toxicity  of  cocaine  was  not  sufficiently  recognized  at  first  and  many 
deaths  resulted  from  its  use,  both  locally  on  mucous  membranes  and  after  sub- 
cutaneous injections.    Many  of  these  deaths  occurred  suddenly,  and  some  of  them 
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after  small  doses.  Such  unfortunate  accidents  naturally  greatly  restricted  the  use 
of  cocaine  and  for  a  time  materially  retarded  the  development  of  local  anaesthesia. 
Its  advantages  and  possibilities,  however,  had  been  recognized,  and  efforts  to  find 
a  substance  which  would  suspend  sensation  when  injected  subcutaneously,  and  at 
the  same  time  be  free  from  the  highly  toxic  properties  of  cocaine,  received  a  new 
stimulus.  As  a  result,  a  great  many  synthetic  products  were  discovered  which 
possess  anaesthetic  properties  in  greater  or  less  degree.  Among  these  may  be 
mentioned  alypin,  anaesthesin,  apothesine,  benzyl  alcohol,  chlorbutanol  (chlore- 
tone),  cycloform,  eucaine-a,  eucaine-b,  holocaine,  nirvanin,  novocaine  (procaine), 
orthoform,  quinine  urea  hydrochloride,  stovaine,  and  tropacocaine.  All  of  these 
substances  possess  anaesthetic  properties  in  varying  degree,  but  not  all  of  them  have 
proved  to  be  of  practical  value.  There  are  certain  properties  which  a  substance 
should  have  in  order  to  be  of  practical  value  in  local  anaesthesia  work.  These  are : 
(i)  anaesthetic  properties ;  (2)  solubility  in  water ;  (3)  relative  non-toxicity;  (4) 
ease  of  sterilization;  (5)  freedom  from  irritating  qualities.  Of  these  cocaine 
lacks  the  third  and  fourth.  It  is  perhaps  the  most  powerful  local  anaesthetic  known, 
and  likewise  the  most  toxic ;  for  that  reason  it  is  used  as  the  basis  of  comparison 
in  expressing  the  anaesthetic  properties  and  toxicity  of  other  substances. 

Some  of  the  above  mentioned  substances,  namely,  cycloform,  orthoform,  and 
anaesthesin,  are  so  insoluble  in  water  that  they  may  be  eliminated  from  further 
consideration  in  this  connection.  Holocaine  is  slightly  soluble,  but  irritating  when 
injected  subcutaneously,  and  highly  toxic.  It  is  therefore  seldom  used.  Chlor- 
butanol (chloretone)  is  soluble  in  water  in  the  ratio  of  0.8  parts  per  thousand;  its 
anaesthetic  properties  are  too  weak  to  permit  it  to  be  used  alone,  but  when  added  to 
the  extent  of  saturation  to  solutions  of  other  substances  it  is  of  advantage  in  pro- 
longing the  anaesthesia,  by  reason  of  its  adjuvant  action.  Nirvanin  is  a 
soluble  form  of  orthoform.  Its  anaesthetic  properties  are  quite  weak,  being  only 
about  one-tenth  those  of  cocaine.  As  it  is  also  slightly  irritating  when  injected 
subcutaneously  it  has  found  very  little  use  in  suregry.  Stovaine  and  alypin  are 
similar  chemically,  and  the  latter  is  derived  from  the  former.  Both  of  them 
have  quite  marked  anaesthetic  properties,  both  are  freely  soluble  in  water,  and  when 
applied  in  solution  to  a  nerve  trunk  interrupt  its  conductivity.  A  4  per  cent  or  5 
per  cent  solution  of  stovaine  applied  to  a  nerve  trunk  causes  irreparable  injury 
to  the  nerve,  according  to  Lawen  and  Braun  (Local  Ancpsthesia,  1914,  p.  119). 
A  5  - 10  per  cent  solution  of  stovaine  injected  into  the  skin  has  caused  sloughing 
which  extended  as  far  as  the  subcutaneous  tissue.  The  use  of  weaker  solutions, 
0.1  -  I  per  cent,  causes  pain  at  first,  but  does  not  permanently  injure  the  tissue.  The 
anaesthesia  which  soon  results  is  quite  complete  and  lasts  from  8  or  10  to  25 
minutes  according  to  the  strength  of  the  solution  used.  Gangrene  of  the  skin 
has  been  observed  after  the  use  of  a  2  per  cent  solution.  It  is  highly  toxic  and 
a  number  of  deaths  have  occurred  from  its  use.  The  injection  of  a  solution  of 
a]3rpin  is  likewise  painful,  but  the  wheal  produced  becomes  anaesthetic  at  once — 
the  anaesthesia  lasting  from  10  to  20  minutes.  Gangrene  has  not  been  observed 
after  its  use,  but  the  injection  of  50  ccm.  of  a  2  per  cent  solution  caused  death  in 
a  sixteen  year  old  girl.  It  is  evident  from  the  above  that  stovaine  and  alypin  are 
not  suitable  for  general  use  as  local  anaesthetics. 

£ucaine-a  and  eucaine-b  are  two  somewhat  similar  synthetic  alkaloids;  the 
former  is  insoluble  and  so  seldom  used  that  it  has  been  practically  withdrawn 
from  the  market.  The  latter,  or  beta-eucaine  as  it  is  more  commonly  called,  while 
rather  insoluble  as  a  base,  is  freely  soluble  as  a  hydrochloride  or  lactate  salt.    It:; 
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solution  in  water  is  quite  stable  and  will  withstand  boiling.  A  o.l  - 1  per  cent 
solution  injected  subcutaneously  produces  local  anaesthesia  which  is  somewhat 
slower  in  its  onset  and  less  marked  than  that  following  the  use  of  cocaine.  It 
causes  no  irritation  when  injected  in  indifferent  solutions.  It  is  about  one-third 
as  toxic  as  cocaine,  but  the  degree  of  toxicity  depends  somewhat  on  the  con- 
centration of  the  solution;  for  instance,  L.  C.  Braun  reports  marked  toxic  symp- 
toms lasting  about  15  minutes  following  the  injection  of  i  ccm.  of  a  3  per  cent 
solution  into  a  nerve  trunk  in  the  forearm.  This  result,  however,  is  unusual,  as 
much  larger  quantities,  for  instance,  100  ccm.-300  ccm.  of  a  o.i  per  cent  solution, 
have  been  injected  without  toxic  symptoms.  While  beta-eucaine  is  a  substance 
of  some  merit,  its  use  has  materially  decreased  of  late,  owing  to  the  discovery 
of  more  suitable  substances.  Tropacocaine  is  an  alkaloid  obtained  first  from 
cocoa  leaves,  but  since  produced  synthetically.  As  a  hydrochloride  salt  it  is 
readily  soluble  in  water  and  it  can  be  sterilized  by  boiling.  Its  action  is  similar  to 
that  of  cocaine,  but  less  intense  and  much  shorter  in  duration,  for  which  reason  it  is 
seldom  used  today.  It  is  quite  toxic,  and  although  no  cases  of  death  following 
its  use  seem  to  have  been  reported,  it  must  be  used  with  great  caution. 

Benzyl  alcohol,  one  of  the  latest  claimants  for  recognition,  while  of  low  tox- 
icity, is  so  weak  in  its  anaesthetic  properties  as  to  be  of  little  practical  value. 

Although  quinine  in  some  form  had  been  injected  subcutaneously  for  many 
years,  it  was  not  until  1905  that  Thibault  first  discovered  the  local  anaesthetic 
properties  of  the  soluble  quinine  salts.  Quinine  bisulphate  and  quinine  and  urea 
hydrochloride  in  solution,  when  injected  subcutaneously,  produce  in  a  few  minutes 
an  area  of  complete  anaesthesia.  The  degree  and  duration  of  the  anaesthesia 
depend  upon  the  amount  injected  and  the  strength  of  the  solution.  The  anaesthesia 
appears  much  more  slowly  than  that  produced  by  cocaine,  but  it  possesses 
the  remarkable  property  of  persisting  much  longer  than  that  produced  by  any 
other  known  substance.  Quinine  and  urea  hydrochloride  is  the  most  soluble  of  the 
quinine  salts  in  water,  and  for  that  reason  is  the  one  most  commonly  used  for  local 
anaesthetic  purposes.  The  solution  can  be  readily  sterilized  by  boiling.  The  long 
duration  of  the  anaesthesia  produced,  together  with  the  fact  that  the  substance  is 
practically  non-toxic,  soon  led  to  the  belief  that  a  safe,  efficient  local  anaesthetic 
had  at  last  been  found.  It  was  not  long,  however,  before  unfavorable  results 
were  noted.  The  injection  of  a  solution  stronger  than  0.25  per  cent  produces  a 
marked  induration  of  the  tissues,  the  degree  of  induration  increasing  with  the 
strength  of  the  solution.  The  swollen  and  indurated  area  may  assume  a  mottled 
ecchymotic  appearance,  and  necrosis,  or  sloughing  of  the  tissues,  may  occur. 
Hertzler,  who  has  made  a  careful  study  of  the  action  of  this  solution,  has  shown 
that  the  induration  is  not  due  to  a  cellular  infiltration,  but  to  a  true  fibrinous 
exudate.  It  is  this  fibrinous  exudate  which,  by  obstructing  the  circulation  in  the 
capillaries,  is  mainly  responsible  for  the  sloughing  when  it  occurs.  The  induration 
even  though  not  sufficient  to  cause  sloughing  may  delay  the  healing  of  the  wound. 
\^'^hen  the  strength  of  the  solution  does  not  exceed  0.25  per  cent  the  amount 
of  fibrinous  exudate  is  quite  small  and  harmless,  but  with  solutions  of  i  -  3  per 
cent  the  danger  of  sloughing  becomes  quite  great.  The  prolonged  anaesthesia 
which  follows  quinine  injections  is  due  to  the  deposit  of  fibrin  which  takes  place. 
The  anaesthesia  may  last  from  several  hours  to  five  or  six  days ;  such  a  duration  is 
frequently  a  great  advantage,  as  the  patient  is  spared  the  usual  postoperative 
pain  and  burning  in  the  wound.  It  is  particularly  in  operations  about  the  anus 
and  lower  rectum  that  this  prolonged  anaesthesia  is  desirable,  as  the  postopera- 
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tiv€  pain  in  these  cases  is  often  severe.  It  is  questionable,  however,  whether  the 
prolonged  anaesthesia  is  sufficient  compensation  for  the  risk  of  delayed  union  and 
the  possibility  of  an  occasional  slough.  Notwithstanding  the  unfortunate 
accidents  which  occasionally  have  occurred  from  the  use  of  quinine  and  urea 
hydrochloride,  the  drug  is  a  useful  one  provided  it  be  used  with  care  and  in  proper 
locations.  It  is  an  advantage  at  times  to  add  a  small  amount  of  the  drug,  for 
example,  o.i  -0.2  per  cent,  to  other  local  anaesthetics  for  the  purpose  of  prolonging 
the  anaesthesia. 

The  drug  which  has  been  used  more  extensively  than  any  other  in 
the  production  of  local  anaesthesia  for  surgical  purposes  is  novocaine 
hydrochloride.  This  substance  is  now  manufactured  in  this  country 
under  the  name  of  procaine,  which  term  we  will  use  hereafter.  Procaine 
possesses  in  a  high  degree  the  five  essential  properties  of  a  good  local 
anaesthetic,  namely,  ( i )  it  is  highly  anaesthetic ;  (2)  it  is  soluble  in  water; 
(3)  it  is  relatively  non-toxic;  (4)  it  is  readily  sterilizable;  (5)  it  is  non- 
irritating  when  injected  into  the  tissues.  The  anaesthetic  properties  of 
procaine  are  only  slightly  inferior  to  those  of  cocaine  of  the  same  strength, 
but  as  it  is  from  6  to  8  times  less  toxic  than  cocaine,  and  as  it  is  readily 
sterilizable  in  solution,  it  has  almost  entirely  displaced  cocaine  as  a  local 
anaesthetic  for  injection  purposes ;  for  local  use  in  the  eye  and  on  certain 
mucous  membranes  cocaine  in  the  majority  of  cases  is  the  drug  of  choice, 
for  the  reason  that  it  acts  much  more  readily  on  these  surfaces  than 
procaine.  Procaine  may  be  used  in  0.25  -  2.0  per  cent  solutions,  depend- 
ing upon  the  location  of  the  injection  and  the  particular  purpose  for  which 
it  is  used. 

Apothesine  is  a  comparatively  recent  American  discovery  of  great 
value.  It  possesses  very  strong  anaesthetic  properties,  it  is  readily  soluble 
in  water,  its  solution  can  be  sterilized  by  boiling,  it  has  a  relatively  low 
toxic  coefficient,  and  it  is  non-irritating  to  the  tissues.  With  solutions 
of  the  same  strength  the  onset  of  the  anaesthesia  is  perhaps  a  little  slower 
with  apothesine  than  with  procaine,  but  the  anaesthesia  is  just  as  complete 
and  the  duration  as  long. 

Toxicity.  All  known  drugs  which  have  the  property  of  producing 
local  anaesthesia  are  toxic.  All  of  the  above-mentioned  local  anaesthetics 
are  protoplasmic  poisons,  with  a  greater  or  less  affinity  for  nerve  cells. 
It  is  self-evident  that  any  substance  which  possesses  the  property  of 
suspending  the  activity  of  nerve  cells  either  temporarily  or  permanently 
must  cause  death  if  brought  in  contact  with  nerve  centers  or  nerve  fibers 
in  sufficient  strength. 

The  toxic  action  of  cocaine  has  been  referred  to  more  extensively  than  that  of 
other  local  ansesthetics  for  the  reason  that  it  is  the  most  toxic  of  the  drugs  of  this 
class.    Many  experiments  have  been  made  to  determine  the  fatal  dose  of  cocaine. 
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but  there  are  so  many  conditions  which  influence  the  results  that  a  definite 
answer  cannot  be  given.  The  rapidity  with  which  toxic  symptoms  supervene, 
and  their  intensity,  depend  upon  the  method  of  introduction  and  the  concentra- 
tion of  the  solution  used.  When  the  drug  is  introduced  directly  into  the  circula- 
tion in  sufficient  amount,  death  may  result  almost  instantly;  when  introduced 
subcutaneously,  intramuscularly,  or  intrapcritoneally,  the  symptoms  depend  upon 
the  rapidity  of  absorption.  Death  is  produced  by  the  action  of  the  drug  on  the 
nerve  centers.  The  activity  of  these  centers  is  suspended  in  the  same  way  as  the 
activity  of  the  peripheral  nerve  endings  or  of  the  nerve  fibers  in  continuity  when 
the  drug  is  brought  in  contact  with  them.  The  concentration  of  the  solution  is 
of  great  importance,  for  the  injection  of  a  small  amount  of  a  concentrated  solution 
may  produce  more  serious  symptoms  than  the  injection  of  several  times  the  amount 
of  the  drug  in  a  much  weaker  solution.  The  rapidity  with  which  a  solution  is 
injected  is  also  a  material  factor  in  determining  the  result.  If  a  solution  of 
cocaine,  i  :  200,  be  injected  into  the  vein  of  a  rabbit  at  the  rate  of  5  ccm.  per 
minute,  the  rabbit  will  die  when  it  has  received  0.06  gm.  per  kilogram  of  weight. 
If  the  rate  of  injection  be  increased  to  10  ccm.  per  minute,  the  rabbit  will  die 
when  it  has  received  0.04  gm.  per  kilogram ;  but  if  the  rate  be  decreased  to  5  ccm. 
in  ten  minutes,  the  rabbit  will  be  able  to  stand  0.09  gm.  per  kilogram  before 
death  takes  place  (Piquand  and  Dreyfus). 

When  it  is  injected  subcutaneously  a  much  larger  quantity  is  required  to 
cause  death.  Braun  states  that  it  requires  five  times  as  much  cocaine  in  a  o.i  -0.2 
per  cent  solution  injected  subcutaneously  to  produce  the  same  degree  of  toxicity 
as  is  produced  by  a  5  —  10  per  cent  solution.  Likewise,  toxic  symptoms  are 
much  more  frequently  seen  after  the  application  of  a  small  quantity  of  a  strong 
solution  to  mucous  membranes  than  after  the  use  of  much  larger  quantities  of 
weaker  solutions.  These  facts  point  to  the  same  conclusion  that  the  symptoms 
depend  upon  the  quantity  of  the  drug  that  reaches  the  central  nervous  system 
in  a  given  time. 

Man  is  much  more  susceptible  to  the  action  of  cocaine  than  are  the  lower 
animals;  therefore,  conclusions  drawn  from  animal  experiments  as  to  dosage  are 
not  applicable  to  man.  Owing  to  the  varying  susceptibility  of  different  individuals 
to  cocaine,  it  is  very  difficult  to  state  what  the  minimum  dangerous  dose  of  the 
drug  is.  Death  in  less  than  a  minute  is  reported  to  have  followed  the  subcutaneous 
injection  of  12  drops  of  a  4  per  cent  solution  in  a  girl  of  eleven  years,  and  death 
has  also  followed  a  local  application  to  the  gums  of  20  drops  of  a  5  per  cent 
solution  (Allen).  While  in  most  of  the  cases  in  which  death  occurred  strong 
solutions  were  used,  solutions  of  i  per  cent  and  even  weaker  may  cause  very 
alarming  symptoms.  The  author  has  seen  two  cases  in  which  the  hypodermic 
injections  of  a  very  few  drops  of  a  weak  solution  caused  alarming  symptoms  of 
collapse.  In  each  of  these  cases  less  than  1/16  of  a  grain,  0.004  gm..  of  the 
drug  had  been  injected.  It  is  not  uncommon  for  individuals  to  have  an  idiosyncrasy 
for  cocaine,  and  this  fact  taken  in  connection  with  the  further  fact  that  it  is  highly 
toxic  for  all  individuals,  is  sufficient  to  condemn  the  use  of  the  drug  for  local 
anaesthesia  in  general  surgical  work,  although  it  finds  a  field  of  usefulness  in  eye 
work  and  other  specialties. 

What  has  been  said  of  the  danger  connected  with  the  use  of  cocaine  applies 
equally  well  to  alypin,  stovaine,  and  tropacocaine.  These  drugs  may  be  readily 
dispensed  with  in  general  surgical  work,  since  there  are  other  much  less  toxic 
substances  possessing  great  anaesthetic  properties. 
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Procaine  (novocaine)  and  apothesine  are  so  superior  to  all  other  known  local 
anaesthetics  that  they  have  practically  superseded  all  of  them  in  this  field  of  work. 
While  procaine  and  apothesine  are  only  about  one-eighth  or  one-tenth  as  toxic 
as  cocaine  and  are  therefore  said  to  be  relatively  non-toxic,  it  should  not  be  for- 
gotten that  death  may  be  produced  quickly  by  either  of  them  if  injected  directly 
into  the  circulation. 

Preparation  of  the  solution.  The  preparation  of  the  solution  of 
procaine  or  apothesine  is  a  simple  matter,  but  one  that  requires  punctilious 
attention  to  detail.  Sterilization  of  the  solution  is  essential,  if  one  would 
guard  against  an  occasional  infection  of  the  wound  with  sloughing. 
When  sloughing  has  occurred  it  can  usually  be  traced  to  failure  to  sterilize 
the  solution  properly.  It  is  generally  supposed  that  ordinary  water  is 
easily  sterilized,  but  such  is  not  always  the  case.  Ordinary  tap  water 
frequently  contains  anaerobic  spore-forming  organisms,  which  are  very 
difficult  to  kill,  and  the  use  of  such  water,  even  after  boiling,  has  been 
followed  by  sloughing.  Therefore,  distilled  water  which  has  been 
thoroughly  sterilized  in  an  autoclave  under  pressure,  or  by  fractional  boil- 
ing, should  be  used. 

Procaine  and  apothesine  will  withstand  boiling  in  water  a  reasonable 
length  of  time,  but  prolonged  boiling  diminishes  and  eventually  destroys 
their  anaesthetic  properties.  The  water,  therefore,  should  be  sterilized 
before  the  addition  of  the  anaesthetic,  and  after  the  addition  of  the  re- 
quired amount  of  the  drug  the  solution  should  be  reboiled  from  three  to 
five  minutes.  The  solvent  may  be  sterile  distilled  water  or  physiologic 
salt  solution  or  Ringer's  fluid.  The  injection  of  distilled  water  into  the 
skin  causes  some  pain,  which  persists  until  the  water  is  absorbed  or  until 
it  becomes  of  the  same  osmotic  tension  as  the  tissue  fluids.  When  pro- 
caine or  apothesine  is  added  to  the  water,  anaesthesia  follows  so  quickly 
that  the  injection,  unless  the  fluid  be  forced  in  too  rapidly,  is  scarcely 
perceptible. 

As  all  local  anaesthetics  are  complex  substances  which  are  easily  de- 
composed, nothing  should  be  added  to  the  solution  which  is  incompatible 
with  or  which  will  break  down  the  substance  at  high  temperature.  There 
are  some  things  that  can  be  added  to  the  solution  when  it  is  cold  that 
cannot  be  safely  added  before  the  solution  is  boiled.  It  is  always  advis- 
able, therefore,  to  sterilize  the  substance  alone,  and  if  anything  is  to  be 
added  later,  to  add  it  after  the  solution  has  cooled.  Even  if  two  or  more 
anaesthetics  are  to  be  combined  for  any  purpose,  it  is  better  to  sterilize  each 
separately  and  mix  them  later  as  desired.  A  f  ter  the  solution  has  been  ster- 
ilized it  is  allowed  to  stand  about  fifteen  minutes  until  it  has  cooled  to  160** 
F.  The  author  then  adds  to  the  solution  i  per  cent  of  chlorbutanol  (chlore- 
tone).    Chlorbutanol  is  soluble  in  water  only  to  the  extent  of  8  parts  per 
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thousand.  The  addition  of  i  per  cent,  therefore,  simply  insures  a  sat- 
urated solution,  and  the  remaining  few  undissolved  crystals  settle  at  the 
bottom  as  a  slight  harmless  deposit.  The  chlorbutanol  should  never  be 
added  before  the  solution  is  boiled,  as  it  is  decomposed  at  the  boiling 
temperature,  and  the  solution  turns  a  lemon  yellow  color  and  becomes 
toxic.  Chlorbutanol  has  slight  anaesthetic  properties  of  its  own,  and 
therefore  intensifies  the  action  of  procaine  and  apothesine.  It  also  has 
mild  germicidal  properties  which  are  desirable  if  a  solution  is  to  be  kept 
any  length  of  time  before  using.  It  is  always  better,  however,  to  use 
fresh  solutions. 

The  anaesthesia  following  the  injection  of  procaine  or  apothesine  into 
or  under  the  skin  is  of  comparatively  short  duration,  varying  from  five 
to  twenty  minutes,  according  to  the  strength  of  the  solution  used.  Since 
this  time  is  too  short  for  the  performance  of  anything  but  minor  opera- 
tions it  is  necessary  to  use  some  means  of  prolonging  the  anaesthesia. 
Epinephrin,  by  reason  of  its  eflFect  in  contracting  the  arterioles  and  small 
capillaries,  delays  the  absorption  of  the  solution  and  greatly  prolongs 
anaesthesia.  It  also  permits  the  use  of  much  weaker  solutions.  There 
are  other  substances  that  mav  be  added  to  the  solution  which  have  the 
same  eflFect.  HoflFmann  and  Kochmann  (Deutsche  med,  IVchnschr,,  1912, 
xlviii,  2264)  believe  that  the  addition  of  0.25  per  cent  potassium  sulphate 
increases  the  degree  of  anaesthesia  so  that  a  0.25  per  cent  or  even  a  0.2 
per  cent  solution  of  procaine  will  produce  anaesthesia  equalling  that  of 
a  0.5  per  cent  solution  without  the  potassium  sulphate.  Potassium  salts 
alone  have  some  anaesthetic  properties,  but  when  combined  with  procaine, 
the  anaesthesia  produced  is  greater  than  the  sum  of  both  used  alone. 

The  author  has  found  that  calcium  chloride  added  to  the  solution  also 
greatly  prolongs  the  anaesthesia,  undoubtedly  because  of  delayed  absorp- 
tion of  the  fluid.  From  0.25  per  cent  to  i  per  cent  may  be  added,  the 
amount  depending  upon  the  length  of  time  it  is  desired  the  anaesthesia 
should  last.  The  addition  of  both  calcium  chloride  and  potassium  sulphate 
still  further  prolongs  the  anaesthesia  so  that  it  may  be  extended  to  three  or 
four  hours.  The  calcium  chloride  and  the  potassium  sulphate  solutions 
should  be  prepared  separately,  so  that  the  amount  to  be  added  may  be 
varied  to  meet  the  needs  of  the  particular  case.  For  ordinary  work  the  au- 
thor has  prepared  a  i  per  cent  solution  of  procaine  or  apothesine  and  a  2 
per  cent  solution  of  calcium  chloride  and  of  potassium  sulphate.  Three 
parts  of  the  anc-esthetic  solution  with  one  part  each  of  the  calcium  chloride 
and  the  potassium  sulphate  solutions,  with  the  addition  of  3  -  5  drops  of  a 
1 :  1000  epinephrin  solution,  will  produce  a  complete  anaesthesia,  which 
Avill  last  two  hours  or  more.  By  increasing  the  calcium  chloride  the 
-luration  of  the  anaesthesia  may  be  lengthened.    If  the  solutions  are  mixed 
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and  used  at  once,  the  potassium  sulphate  does  not  cause  a  precipitate 
with  the  calcium  chloride.  The  epinephrin  should  not  be  added  until  the 
solution  is  ready  for  use,  as  it  is  very  unstable  when  in  contact  with 
other  organic  substances.    Epinephrin  solutions  w  liich  have  turned  pinkish 


Fig.  loa.    g  ccm.  Record  Fig,  lob,    20  ccM.  Glass  Luer 

Syringe,  Syringe. 


or  yellowish  should  not  be  used.    The  author  has  used  as  much  as  300 
ccm,  of  this  solution  in  adults  without  toxic  symptoms. 

When  the  1  per  cent  solution  of  the  ana;sthetic  is  diluted  by  the 
addition  of  the  other  solutions  mentioned,  it  becomes  reduced 
to  a  0,5  per  cent  or  a  0.35  per  cent  solution,  accordinff  to  the  amount 
of  the  other  solutions  used ;  such  a  dilution  is  strong  enough  for  ordinary 
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work.    When  it  is  desired  to  block  large  nerve  trunks  with  a  small  amount 
of  the  fluid  the  original  anaesthetic  solution  may  be  increased  to  2  per  cent. 

Method  of  injection.  For  purposes  of  injection,  one  should  have  a 
glass  hypodermic  syringe,  with  fine  sharp  hypodermic  needles,  and  a  10 
ccm.  or  20  ccm.  Luer  or  Record  syringe  with  some  19-gauge  needles, 
5-12  cm.  long  (Figs.  loa,  b).  With  a  hypodermic  syringe  and  a  very 
fine  sharp  needle,  so  as  to  reduce  the  pain  of  the  initial  needle-prick  to 
a  minimum,  a  small  wheal  is  made  in  the  skin  at  the  desired  point.  One 
of  the  larger  needles  selected  for  the  particular  purpose  is  now  intro- 
duced through  the  anaesthetic  wheal.  The  large  needles  should  always 
be  introduced  detached  from  the  syringe,  so  that  should  the  point  of  the 
needle  enter  a  blood  vessel  the  fact  may  be  readily  recognized  by  the 
escape  of  blood.  It  is  so  important  that  this  rule  be  followed  in  certain 
regions  of  the  body  that  the  only  safe  way  is  to  make  the  rule  universal. 
The  author  knows  of  one  sudden  death  caused  by  the  injection  of  the  fluid 
directly  into  the  circulation  by  reason  of  failure  to  observe  this  simple 
rule. 

If  the  infiltration  method  is  to  be  used,  the  needle  may  be  introduced 
through  the  wheal  and  passed  along  the  subcutaneous  or  deeper  tissues  to 
the  extent  desired,  when,  should  no  blood  escape  from  the  needle,  the 
fluid  may  be  injected  slowly  as  the  needle  is  withdrawn.  The  fluid  should 
be  injected  slowly  in  order  that  it  may  diffuse  itself  uniformly  through 
the  tissues.  Should  the  needle  not  be  long  enough  to  reach  the  distance 
desired,  a  second  wheal  may  be  made  in  the  skin  from  within  out,  and 
the  needle  withdrawn  and  introduced  through  the  second  wheal,  thus 
avoiding  the  pain  of  another  needle  puncture.  After  the  subcutaneous 
layer  has  been  infiltrated,  the  other  layers  may  be  treated  in  turn  in  the 
same  manner  until  the  entire  thickness  of  the  part  to  be  operated  on  has 
been  brought  in  contact  with  the  fluid.  With  the  infiltration  method  the 
anaesthesia  is  complete  almost  at  once,  provided  the  subcutaneous  tissue 
immediately  beneath  the  skin  is  thoroughly  injected.  It  is  not  necessary 
to  inject  the  skin  itself,  as  the  nerves  entering  it  are  quickly  reached  by 
diffusion. 

In  conduction  anaesthesia,  or  nerve  blocking,  it  is  necessary  to  intro- 
duce the  point  of  the  needle  down  to  the  nerve  trunk  to  be  blocked.  It 
is  not  necessary  or  as  a  rule  desirable  that  the  point  of  the  needle  penetrate 
the  nerve,  as  in  so  doing  it  may  injure  the  nerve  fibers.  The  fluid,  how- 
ever, must  be  brought  in  immediate  contact  with  the  nerve,  so  that  it  may 
diffuse  itself  into  it,  otherwise  the  anaesthesia  will  not  be  complete.  This 
method  is  called  paraneural  injection. 

In  order  to  block  the  nerves  successfully,  one  must  have  an  accurate 
knowledge  of  their  location  and  of  the  best  point  at  which  to  reach  them, 
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as  well  as  a  knowledge  of  their  distribution  or  the  exact  areas  and  struc- 
tures supplied  by  them.  Many  of  the  nerve  trunks  have  a  layer  of  fascia 
lying  just  superficial  to,  or  just  beneath  them,  and  if  the  fluid  be  deposited 
so  that  the  fascia  is  interposed  between  it  and  the  nerve,  the  anaesthesia 
will  be  incomplete  or  nil.  It  is  essential,  therefore,  that  one  know  exactly 
where  the  point  of  the  needle  is  at  the  moment  of  injection. 

When  one  is  introducing  a  sharp  needle  into  the  tissues  to  any  depth, 
it  is  a  difficult  matter  to  recognize  the  different  layers  through  which  the 


Fig.  iia.    Toy  Tesla  Dynamo, 


needle  passes.  The  recognition  of  the  different  layers  is  much  facilitated 
by  moving  the  needle  point  back  and  forth  laterally  as  it  is  introduced. 
The  point  of  the  needle,  on  passing  through  the  skin,  enters  the  su1k:u- 
taneous  fat,  which  is  so  loose  that  the  needle  may  move  from  side  to  side 
very  easily.  If  the  needle  be  slowly  advanced  as  it  is  moved  back  and 
forth,  the  point  may  be  felt  to  scratch  the  fascia,  and  thus  identify  it 
before  penetrating  it.  If  the  needle  then  enter  muscle,  it  may  be  pushed 
on  until  it  is  felt  to  scratch  the  next  layer  of  fascia.  By  following  this 
method,  one  may  have  a  clear  idea  of  the  location  of  the  point  of  the 
needle.  It  is  well  to  practice  injecting  nerve  trunks  on  a  fresh  cadaver 
with  a  colored  fluid,  such  as  methylene  blue,  and  then  to  cut  down  and  see 
if  the  fluid  has  stained  the  nerve. 

Some  of  the  nerves,  such  as  the  sciatic,  lie  quite  deep  and,  particularly 
in  fleshy  people,  are  not  always  easy  to  locate  with  the  needle.  To  facili- 
tate finding  such  nerves  the  author  has  made  use  of  a  very  simple  and 
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inexpensive  device.  This  consists  of  a  small  toy  Tesla  dynamo  (Fig. 
iia),  and  a  long  hollow  needle  insulated  to  within  2  or  3  mm.  of  the 
point  (Fig.  lib).  To  the  negative  pole  is  attached  by  a  wire  a  small 
copper  electrode,  and  to  the  positive  pole  a  small  coupler  to  fit  the  socket 
end  of  the  needle.  In  locating  a  nerve,  such  as  the  great  sciatic,  the  copper 
electrode  wrapped  in  wet  absorbent  cotton  is  placed  on  the  calf  of  the 
leg  or  any  other  indifferent  part  of  the  body,  and  the  insulated  needle 
with  the  positive  wire  attached  introduced  in  the  direction  of  the  nerve. 
When  the  point  of  the  needle  reaches  the  approximate  location  of  the 
nerve,  an  assistant  slowly  turns  the  crank  of  the  dynamo.  Every  "click" 
of  the  instrument  causes  a  very  slight  electric  discharge.  When  the 
non-insulated  point  of  the  needle  comes  in  contact  with  the  nerve  the 
slight  electric  discharge  causes  a  contraction  of  the  muscles  supplied  by 
the  nerve. 


Fig.  lib.     Insulated  Needle. 

After  the  contact  of  the  point  of  the  needle  with  the  nerve  has  been 
thus  established  the  wire  is  detached  and  the  anaesthetizing  fluid  injected 
directly  on  the  nerve.  With  this  simple  device  any  mixed  or  motor 
nerve  may  be  readily  located  by  the  muscular  contraction  produced, 
and  purely  sensory  nerves  by  the  sensation  produced  by  the  electric 
discharge.  Of  course,  any  other  form  of  apparatus  may  be  used  to  gen- 
erate the  electricity,  but  the  one  mentioned  is  simple,  inexpensive,  de- 
pendable, and  efficient.  Care  should  be  taken  not  to  injure  the  nerve 
with  the  needle,  as  permanent  damage  may  be  done. 

Preparation  of  the  patient.  Patients  require  no  special  prepa- 
ration for  operations  under  local  anaesthesia.  The  administration  of 
morphine  or  scopolamine  before  the  operation  for  the  purpose  of  dim- 
inishing or  preventing  so-called  psychic  shock  is  not  only  unnecessary,  but 
as  a  rule  inadvisable.  There  should  be  no  harmful  psychic  effect,  and  if 
properly  handled  the  patient  will  go  to  the  operating  table  without  fear 
of  being  hurt.  The  horror  of  an  operation  has  its  origin,  as  a  rule,  in 
the  fear  of  pain,  and  when  this  fear  of  pain  has  been  eliminated  there 
will  be  no  unpleasant  psychic  effect.  The  confidence  of  the  patient 
should  be  secured  and  he  should  be  made  to  understand  that  there  will 
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be  no  pain  connected  with  the  operation.  One  should  never  surprise  the 
patient  by  sticking  him  with  a  needle  when  he  is  not  expecting  it,  nor 
should  an  attempt  be  made  to  cut  the  skin  before  the  anaesthesia  is 
complete.  He  should  be  informed  of  the  particular  sensations  that  he 
will  experience  about  the  field  of  the  operation.  There  will  be  a  sensa- 
tion of  numbness  in  the  region  blocked,  a  feeling  of  weight  or  slight 
pressure,  and  gross  movements  of  the  parts  may  be  felt;  but  none  of 
these  sensations  are  in  any  degree  painful,  and  when  the  patient  expects 
them,  he  thinks  nothing  of  them.  If  the  patient  should  experience  any 
pain,  he  should  be  instructed  to  mention  it  at  once,  for  in  the  majority 
of  cases  sensation  may  be  controlled  completely  by  the  injection  of  more 
of  the  anaesthetizing  fluid.  If  the  confidence  of  the  patient  is  thus  once 
secured,  there  will  be  no  trouble,  as  he  will  have  no  fear.  Many  patients 
who  are  nervous  and  apprehensive  before  the  operation  is  begun  become 
perfectly  composed  when  they  realize  that  they  have  actually  been  cut 
without  experiencing  any  sensation.  It  is  very  rare  indeed  that  a  patient 
is  so  nervous  before  the  operation  that  it  is  advisable  to  give  a  hypodermic 
of  morphine  to  quiet  him,  but  occasionally  it  is  desirable,  if  the  operation 
is  to  be  a  long  one,  to  give  a  small  dose  of  morphine  in  order  to  mitigate 
somewhat  the  irksomeness  of  lying  still  so  long  in  one  position. 

After-effects.  If  distilled  water  be  injected  into  the  skin,  after 
the  first  few  moments  of  slight  anaesthesia,  mild  painful  sensations  at 
the  point  of  injection  will  be  experienced  for  quite  a  few  minutes.  How- 
ever, if  sodium  chloride  be  added  to  the  water  in  sufficient  amount  to 
make  an  isotonic  solution,  no  after-pain  will  be  experienced.  If  the 
sodium  chloride  be  added  in  excess,  so  as  to  form  a  hypertonic  solution, 
the  injection  will  be  painful  and  the  pain  will  increase  wath  the  strength 
of  the  solution.  If  the  procaine  or  apothesine  solution  be  approximately 
isotonic,  there  w^ill  be  no  pain  attending  or  following  the  injection.  If 
an  operation  has  been  performed  under  local  anaesthesia,  when  the  ef- 
fects of  the  anaesthetic  have  worn  off  and  normal  sensation  has  returned 
the  wound  will  be  sensitive  and  tender  to  the  same  degree  that 
it  would  have  been  had  it  been  produced  without  a  local  anaesthetic,  or  un- 
der a  general  anaesthetic,  but  no  more  so.  This,  however,  cannot  be  con- 
sidered an  after-eff'ect  of  the  local  anaesthetic.  The  solution  alreadv  men- 
tioned,  containing  the  calcium  and  potassium  salts,  does  not  produce 
after-pain;  there  is  no  swelling  or  infiltration  about  the  wound  and  no 
disturbance  whatever  in  the  healing  process. 

So  far  as  the  local  anaesthetic  itself  is  concerned,  the  general  after- 
effects are  practically  nil.  If  considerable  of  the  drug  has  been  used 
about  5  per  cent  of  the  patients  will  experience  some  nausea,  and  rarely 
one  may  vomit;  but  as  a  rule,  if  there  is  no  contra-indication,  patients 
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are  able  to  partake  of  light  food  and  drink  on  returning  to  their  room 
after  the  operation.  If  morphine  has  been  given  previously  to  the  opera- 
tion, about  30  per  cent  will  have  nausea,  many  of  them  to  the  extent 
of  vomiting,  due  to  the  morphine  or  to  the  combination  of  the  morphine 
and  the  anaesthetic.  On  account  of  the  greatly  increased  percentage  of 
postoperative  nausea  and  vomiting  following  the  use  of  morphine,  it  is 
much  better,  as  already  stated,  to  omit  the  preliminary  injection  of  mor- 
phine except  in  special  cases. 

Gas  pains  following  abdominal  operations  under  local  anaesthesia 
are  much  less  frequent  and  severe  than  after  operations  done  under 
general  anaesthesia.  As  gas  pains  are  largely  the  result  of  a  certain 
amount  of  traumatism  incident  to  exposure  and  manipulation  of  the 
intestines  and  peritoneum,  they  are,  to  a  considerable  extent,  independent 
of  the  anaesthetic  used. 

Advantages  of  local  anaesthesia.  The  chief  advantage  of  local 
over  general  anaesthesia  lies  in  its  greater  safety.  Deaths  due  to  procaine 
(novocaine)  have  been  very  few  and  these  have  occurred  where  very 
strong  solutions  were  used,  or  when  the  fluid  was  injected  directly  into 
the  blood  stream.  The  only  case  of  death  from  novocaine,  with  which 
the  author  is  familiar,  occurred  in  the  hands  of  a  throat  specialist  who 
was  about  to  remove  the  tonsils.  The  long  needle  attached  to  a  syringe 
loaded  with  novocaine  solution  was  thrust  into  the  peritonsillar  tissues 
and  the  fluid  injected.  The  patient  collapsed  almost  immediately  and 
died  in  a  few  minutes.  An  autopsy  revealed  no  other  cause  of  death 
than  the  novocaine,  which  in  all  probability  was  injected  directly  into 
the  circulation.  If  proper  precautions  are  taken  such  an  accident  is  not 
likely  to  happen.  So  far  as  the  author  has  been  able  to  learn,  no  deaths 
have  occurred  from  the  use  of  apothesine. 

There  are  no  disagreeable  after-effects  following  the  use  of  local  an- 
aesthesia, such  as  are  common  after  general  anaesthesia.  Nausea  if 
present  at  all  is  slight,  and  vomiting  seldom  occurs.  There  is  a  notable 
absence  of  the  symptoms  of  shock  and  depression,  and  as  a  result  con- 
valescence is  more  rapid  and  patients  are  able  to  be  up  earlier.  Even  after 
quite  severe  operations,  such  as  the  removal  of  large  goiters,  there  may  be 
no  disturbance  whatsoever  of  the  pulse  rate  or  of  the  blood  pressure.  It  is 
a  great  satisfaction  for  everyone  concerned  to  see  patients  come  from  the 
operating  room  feeling  as  bright  and  cheerful  as  when  they  entered  it.  It 
is  also  a  great  comfort  to  many  persons  to  know  that  they  can  be  operated 
on  without  the  necessity  of  losing  consciousness.  Many  patients  have  a 
dread  and  fear  of  losing  consciousness,  and  an  operation  that  can  be  done 
without  the  loss  of  consciousness  is  looked  upon  as  much  less  serious  and 
less  dangerous  then  one  for  which  it  is  necessary  to  be  put  to  sleep.    The 
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patient  who  is  awake  and  conscious  may  often  assist  the  operator  by 
changing  position,  or  by  moving  some  particular  part,  or  by  talking  to 
the  operator  during  an  extensive  goiter  operation,  and  thus  assuring  the 
operator  that  the  recurrent  laryngeal  nerve  is  not  being  interfered  with. 

Postoperative  pneumonia  is  much  less  frequent  after  local  than  after 
general  anaesthesia,  as  there  is  not  the  bronchial  irritation  with  excessive 
mucus  formation  so  frequently  seen  after  the  use  of  ether,  and  as  there 
is  less  danger  of  the  patient's  inhaling  foreign  substances  into  the  lung. 
The  author  has  had  but  one  case  of  postoperative  pneumonia  in  a  thousand 
major  operations  done  under  local  anaesthesia,  and  this  followed  an  ex- 
tensive goiter  operation.  The  patient  had  great  difficulty  in  clearing 
the  trachea  of  the  mucus,  the  presence  of  which  is  so  common  after  such 
operations.  Pneumonia  developed  on  the  third  day,  and  the  patient  died. 
Postoperative  renal  complications  do  not  occur  as  the  result  of  local 
anaesthesia,  as  the  substances  used  at  present  do  not  have  any  deleterious 
effect  on  the  kidneys. 

In  operations  on  the  face,  head,  and  neck,  it  is  a  great  advantage  not 
to  have  the  anaesthetist  and  his  apparatus  in  the  way  of  the  operator. 

Disadvantages  and  complications.  It  is  difficult  to  point  out 
any  actual  disadvantages  of  local  anaesthesia  when  used  in  suitable  cases. 
It  seldom  takes  longer  to  prepare  a  patient  for  operation  by  the  local 
method  than  it  does  by  the  general  method.  If  there  are  several  cases 
to  be  operated  on,  the  assistant  can  have  them  prepared  in  advance  so 
that  they  will  be  ready  for  the  operator  in  turn,  in  which  case  no  time 
will  be  lost.  If  the  proper  solution  be  used,  there  is  no  danger  of  the 
anaesthesia  wearing  off  before  the  conclusion  of  the  operation,  as  it 
can  be  made  to  last  from  three  to  four  hours,  or  longer  if  desired.  It 
occasionally  happens  that  it  becomes  necessary  to  extend  the  operation 
beyond  the  blocked  area,  in  which  case  the  area  must  be  enlarged,  or, 
should  this  not  be  feasible,  recourse  must  be  had  to  gas  or  other  forms  of 
anaesthesia.  In  abdominal  operations,  the  manipulation  of  the  organs 
rarely  causes  the  patient  to  retch  or  vomit,  if  the  viscera  are  handled  gently 
and  carefully.  If  proper  precautions  are  used  in  making  the  in- 
jections, toxic  symptoms  will  be  very  rare  indeed.  In  several  thousand 
injections  of  novocaine  (procaine)  and  apothesine,  involving  all  parts 
of  the  body,  the  author  has  never  seen  serious  toxic  symptoms.  Shortly 
after  the  injection  of  the  solution  the  patient's  face  may  become  pale, 
due,  in  all  probability,  to  the  epinephrin,  and  occasionally  he  will  say 
that  he  feels  the  heart  beating  or  has  a  slight  numb  feeling  throughout 
the  body,  but  all  of  these  symptoms  are  momentary  and  of  no  conse- 
quence. In  a  small  percentage  of  cases  there  will  be  a  slight  feeling  of 
nausea  soon  after  the  injection  is  started  and  before  anaesthesia  is  suffi- 
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ciently  marked  to  begin  operating.  This  preliminary  nausea,  which  in 
the  author's  experience  has  occurred  a  little  more  frequently  with  apothe- 
sine  than  with  procaine,  soon  passes  away.  Should  sufficient  drug  ac- 
cidentally be  injected  directly  into  the  circulation,  symptoms  of  marked 
depression  or  collapse  will  supervene.  It  should  be  met  by  lowering  the 
patient's  head  and  by  the  administration  of  stimulants,  the  best  of  which 
is  ether  given  by  inhalation. 

Sloughing,  when  it  occurs,  is  the  result  of  infection,  due  to  a  failure 
to  sterilize  the  solution  properly  during  its  preparation;  to  an  infection 
of  the  wound  at  the  time  of  operation,  or  to  an  already  existing  infection; 
or  to  the  addition  of  too  much  epinephrin  to  the  solution.  In  the  former 
case  the  slough  will  be  moist,  while  in  the  latter  it  will  be  dry  and  ischae- 
mic.  The  only  slough  which  has  occurred  in  the  author's  practice  was 
undoubtedly  due  to  the  addition  of  too  much  adrenalin  to  the  solution. 
The  sloughing  occurred  in  the  abdominal  wall  which  had  been  infiltrated 
preliminary  to  an  operation  for  the  removal  of  fibroids.  The  slough  gave 
rise  to  no  symptoms,  and  its  presence  was  not  suspected  until  the 
dressings  were  removed  at  the  end  of  ten  days  for  the  purpose  of  remov- 
ing the  stitches,  when  a  perfectly  dry,  aseptic,  triangular  slough  was 
found,  involving  the  skin  and  subcutaneous  tissues.  The  slough  was  re- 
moved and  the  wound  edges  drawn  together,  when  healing  took  place 
without  further  incident. 

TECHNIQUE  OF  REGIONAL  AN-ESTHESIA 

The  region  of  the  body  to  be  operated  on  may  be  rendered  anaesthetic 
by  infiltration  or  by  blocking.  The  best  method  to  be  employed  will 
depend  upon  the  particular  region  involved,  and  at  times  on  the  character 
of  the  operation  to  be  done.  If  the  area  to  be  anaesthetized  is  small,  it 
is  simpler  and  easier  as  a  rule  to  infiltrate  than  it  is  to  block.  To  block 
successfully  requires  not  only  an  accurate  knowledge  of  the  anatomy, 
but  also  of  the  physiology,  of  the  particular  nerves  to  be  blocked.  Some 
regions,  owing  to  the  accessibility  of  the  nerve  trunks  supplying  them, 
are  easily  blocked,  while  others,  for  the  opposite  reason,  are  best  an- 
aesthetized by  infiltration.  When  one  is  operating  on  a  region  suitable  for 
blocking,  it  is  better  to  block  if  the  operation  is  one  the  extent  of  which 
is  not  clearly  defined ;  while  on  the  other  hand,  for  small  delimited  opera- 
tions in  the  same  region,  it  may  be  easier  to  infiltrate.  In  selecting  the 
method  to  be  used  one  should  be  guided  by  the  particular  operation  to 
be  done  as  well  as  by  the  anatomic  relations  of  the  part. 

Head.  Many  operations  on  the  head,  whether  involving  the  soft 
parts  alone  or  the  bony  structures  as  well,  may  be  done  very  satisfactorily 
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under  local  amesthesia.  The  head  is  suppHed  by  the  fifth  cranial  nerve  and 
by  branches  of  the  cervical  plexus.  It  may  be  subdivided  bilaterally  into 
three  regions,  the  anterior,  lateral,  and  posterior.  The  anterior  or  frontal 
region  is  supplied  by  the  supra-orbital  and  the  supratrochlear  nerves, 
branches  of  the  first  division  of  the  fifth  cranial  nerve;  the  lateral 
or  temporoparietal  region,  by  the  auriculotemporal  nerve,  a  branch 
of    the   third    division  of   the    fifth;   and    the   posterior  or  occipital 


Fig.  12a.    Point  for  Introduction  of  Nei 


region,  by  the  occipitalis  tnajor  and  minor,  and  the  auricularis  magnus. 
These  regions  are  not  sharply  outlined,  as  there  is  some  overlapping  of 
the  nerve  supply.  The  line  separating  the  two  lateral  halves  is  more 
sharply  defined,  and  if  the  operation  is  to  extend  across  the  midline 
both  sides  must  be  blocked.  The  supra-orbital  nerve  is  easily  reached  as 
it  escapes  from  the  supra-orbital  foramen;  the  supratrochlear  as  it  winds 
over  the  orbital  border  to  the  inner  side  of  the  supra-orbital  foramen ;  the 
auriculotemporal  nerve,  at  a  point  between  the  temporal  artery  and  the 
tragus  of  the  ear  just  above  the  zygoma;  the  occipitalis  major  may  be 
reached  as  it  perforates  the  attachment  of  the  trapezius  to  the  superior 
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curved  line  a  little  external  to  the  occipital  protuberance;  and  the  occi- 
pitalis minor  and  auricularis  magnus  as  they  pass  around  the  posterior 
border  of  the  upper  third  of  the  sternocleidomastoid  muscle. 

The  nerves  in  the  scalp  lie  between  the  superficial  and  the  deep  fascia, 
or  the  epicranial  aponeurosis,  and  the  fluid  should  be  injected  into  this 
space  to  infiltrate  tlie  scalp.  The  integument,  or  hairy  portion  of  the 
scalp,  is  quite  den.se  and  not  easily  infiltrated.  When  the  scalp  has  been 
anassthetized,  such  operations  as  the  removal  of  wens,  angiomata,  or 


Fic.  12b.    Point  of  Needle  Approaching  Mandibular  Nerve,    a.  Inferior  alveo- 
lar nerve. 

other  tumors,  and  the  repair  of  injuries  may  be  dune  without  pain.  The 
bones  of  the  vault  of  the  cranium  are  not  sensitive;  hence,  by  blocking 
or  infiltrating  a  sufficiently  large  area  either  temporal  or  suboccipital 
trephining  may  be  done  for  injury  or  for  decompression  purposes.  The 
chisel  and  mallet  should  not  be  used  too  vigorously  on  account  of  the 
jarring.  The  dura  mater  is  not  sensitive  to  trauma  under  ordinary  con- 
ditions, and  may  be  incised  without  pain,  as  may  also  the  brain  itself. 

Face.  The  face  is  sup])lied  by  the  second  and  third  branches  of  the 
fifth  and  by  branches  of  the  auricularis  magnus  and  the  superficialis  colli : 
the  latter  nerves  supply  the  region  over  the  parotid  gland,  the  angle 
of  the  jaw,  and  the  area  beneath  the  angle  of  the  jaw  and  chin.  If  the 
operation  involves  the  soft  parts  only  and  lies  within  the  area  supplied 
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by  the  infra-orbital  and  the  mental  nerves,  anaesthesia  may  be  produced 
by  injecting  these  nerves  as  they  escape  from  their  respective  foramina. 
The  needle  may  be  introduced  either  through  the  mucous  membrane  of 
the  mouth  or  through  the  skin.  If  the  field  of  the  operation  extends  be- 
yond the  area  supplied  by  the  nerves  mentioned,  the  auricularis  magnus 
and  superficialis  colli  must  be  blocked  as  well.  As  there  is  considerable 
overlapping  of  the  nerve  supply,  it  may  be  necessary  to  block  these  nerves 
on  both  sides.  In  operations  on  the  lower  jaw,  the  third  branch  of  the 
fifth  must  be  blocked,  either  on  one  or  both  sides,  just  before  it  enters  the 
internal  dental  foramen  on  the  inner  surface  of  the  ramus.  To  reach 
this  nerve  a  long  needle  is  introduced  at  a  point  about  i  cm.  above  the 
grinding  surface  of  the  last  molar  tooth,  and  about  i  cm.  posterior  to  the 
internal  oblique  line  (Fig.  12a).  The  needle  should  not  be  on  a  hne 
directly  from  before  backward,  but  obliquely,  so  that  when  the  tip  of  the 
needle  is  at  the  point  just  mentioned  the  needle  will  lie  in  a  line  crossing 
the  second  molar  tooth  of  the  opposite  side.  The  needle  should  be  intro- 
duced about  1.5  cm.  in  a  posterior  and  slightly  upward  direction.  It 
should  be  remembered  that  the  inner  surface  of  the  ramus  often  bulges 
slightly  just  anterior  to  the  dental  foramen  (Fig.  12b),  and  care  should 
be  taken  that  the  point  of  the  needle  passes  over  this  bulging.  From  4  to 
5  ccm.  of  the  solution  should  be  injected.  Ant-esthesia  will  be  complete 
in  ten  minutes,  and  it  will  extend  as  far  forward  as  the  incisor  teeth. 

The  second  branch  of  the  fifth  nerve  may  be  reached  by  the  orbital  or 
the  lateral  route.  In  the  orbital  route  the  point  of  the  needle  is  introduced 
at  the  inferior  external  angle  of  the  orbital  border.  The  outer  end  of 
the  needle  is  elevated  so  that  the  point  follows  along  the  inferolateral 
wall  of  the  orbit  until  it  reaches  the  sphenomaxillary  fissure,  when  the 
outer  end  of  the  needle  is  carried  downward  arid  outward  until  the  pro- 
jected line  of  the  needle  in  the  horizontal  plane  passes  through  the  upper 
part  of  the  pinna  of  the  ear.  The  needle  is  then  pushed  on  through  the 
sphenomaxillary  fossa  to  a  depth  of  about  5  cm.  from  the  skin,  when  it 
should  impinge  against  the  sphenoid  bone  at  the  foramen  rotundum.  This 
is  a  diflficult  route  to  follow  and  there  is  great  danger  of  the  point  of  the 
needle  going  wrong. 

There  are  two  lateral  routes.  In  one  the  point  of  the  needle  is  intro- 
duced beneath  the  anterior  end  of  the  zygoma  and  passed  in  a  direction 
inward,  upward,  and  slightly  backward,  until  it  comes  in  contact  with 
the  posterior  surface  of  the  superior  maxilla,  which  it  follows  until  it 
enters  the  pterygopalatine  fossa.  At  a  depth  of  4  -  5  cm.  it  will  be 
found  in  close  contact  with  the  second  branch  of  the  fifth  nerve. 

In  the  second  lateral  route,  which  is  the  simplest  and  easiest  way  of 
reaching  the  nerve,  the  point  of  the  needle  is  introduced  just  above  the 
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anterior  end  of  the  zygoma  at  the  angle  formed  by  the  junction  of  the 
superior  border  of  the  zygoma  and  the  malar  bone  (Fig.  13a). 
The  needle  is  pushed  directly  inward  until  it  strikes  against  the  great 
wing  of  the  sphenoid.  The  point  of  the  needle  is  then  depressed  until 
it  slips  under  the  edge  of  the  great  wing  of  the  sphenoid,  when  it  will  lie 
in  the  spheno-maxillary  fossa,  directly  in  contact  with  the  maxillary 
nerve  (Fig.  14),  When  the  nerve  is  reached,  the  patient  usually  ex- 
periences a  sensation  of  pain  in  the  distribution  of  the  nerve.  About  2 
ccm,  of  a  2  per  cent  solution  of  procaine  or  apothesine  are  sufficient  to 


Fig.  13.     Injection  of  Maxillary  Brancti  of  Fifth  Nerve,     a.  Point  for  intro- 
duction of  needle,    b.  Maxillary  branch  of  fifth  nerve. 


completely  block  the  nerve.  Both  sides  may  be  injected  if  necessary. 
If  more  extensive  anaesthesia  is  desired,  both  the  second  and  third  branches 
of  the  nerve  may  be  blocked,  or  even  all  three  branches  in  the  manner 
already  explained,  or  the  gasserian  ganglion  itself  may  be  injected  by 
passing  the  needle  through  the  foramen  ovale.  To  reach  this  foramen 
the  point  of  the  needle  should  be  introduced  on  the  cheek  about  3  cm.  back 
of  the  angle  of  the  mouth  (Fig.  iSa).  Guided  by  a  finger  in  the  mouth, 
so  that  the  needle  may  not  enter  this  cavity,  the  needle  is  pushed  back- 
ward, inward,  and  upward.  The  direction  which  the  point  of  the  needle 
is  taking  is  indicated  by  that  portion  of  the  needle  which  extends  beyond 
the  surface.  Viewed  directly  from  in  front,  the  projected  fine  of  the 
needle  should  pass  through  the  pupil  of  the  eye  of  the  same  side  (Fig. 
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iSb.)  Viewed  from  the  side,  the  projected  line  of  the  needle  should  pass 
through  the  center  of  the  zygoma.  If  the  needle  be  made  to  follow  these 
two  projected  lines,  the  point  will  impinge  against  the  inferior  surface  of 
the  great  wing  of  the  sphenoid  directly  in  front  of  the  foramen  ovale 
(Fig.  15c).  In  order  not  to  go  astray  it  is  essential  that  the  point  of 
the  needle  strike  against  this  bony  surface.  The  point  of  the  needle 
is  then  slowly  depressed,  and  gently  forced  along  the  bone  until  it  is  felt  to 
enter  the  foramen.  Along  this  route,  the  bone  lies  at  a  depth  of  5-6 
cm.  When  the  point  of  the  needle  is  felt  to  enter  the  foramen  it  should 
be  pushed  along  the  canal  for  a  distance  of  i  - 1.5  cm.,  when  it  will  lie 


Fig,  14.  Injection  of  Maxillary  Branch  of  Fifth  Nerve,  a.  Direction 
for  introducing  needle,  b.  Point  of  needle  to  be  depressed  upon  striking  c, 
sphenoid  bone,    d.  Maxillary  branch  of  fifth  nerve,    e.  Zygoma. 


at  the  ganglion.  If  no  fluid  or  blood  escape  from  the  needle,  from  0.5  -  i 
ccm.  of  a  2  per  cent  solution  may  be  injected  very  slowly,  Anjesthesia 
of  all  three  branches  of  the  fifth  nerve  quickly  follows  and  is  complete 
in  3  -  5  minutes.  If  the  needle  strikes  the  base  of  the  skull  too  far  back, 
there  is  danger  of  injuring  the  eustachian  tube  or  the  internal  carotid 
artery.  This  is  best  avoided  by  keeping  the  outer  end  of  the  needle 
depressed  far  enough  so  that  the  projected  line  of  the  needle,  viewed  from 
the  side,  passes  anteriorly  to  the  middle  point  of  the  zygoma.  When  one 
is  blocking  either  the  branches  of  the  fifth  or  the  ganglion,  it  is  a  great 
advantage  to  have  a  skull  at  hand  for  comparison.  A  needle  used  should 
have  a  mark  on  it  of  known  distance  from  the  end,  so  that  the  exact  depth 
of  the  point  may  at  all  times  be  known.    While  as  yet  no  serious  acd- 
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dents  seem  to  have  occurred  from  injecting  the  ganglion,  more  extended 
experience  is  necessary  in  order  to  determine  what,  if  any,  the  real  risks 
of  the  procedure  are.  Under  the  ansesthesia  thus  obtained  any  operation 
involving  the  soft  parts  or  bony  structures  of  the  face  may  be  performed. 


Fic.  153.    Injection  of  Gasserian  Ganglion.    Point  for  introduction  of  needle 
and  direction  of  needle  viewed  from  the  side. 

The  advantage  of  being  able  to  dispense  with  an  anesthetist  in  operations 
about  the  face  is  very  great,  and  warrants  further  experiments  with  this 
method  of  rendering  the  face  anesthetic. 

The  anterior  half  of  the  tongue  is  easily  rendered  anaesthetic  by 
blocking  the  hngual  nerves  as  they  pass  along  the  sides  of  the  base  of 
the  tongue.     The  nerves  are  quite  superficial  in  this  location.     If  the 
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operation  is  to  involve  the  posterior  half,  the  base  of  the  tongue,  which 

is  supplied  by  the  glossopharyngeal  and  the  vagus,  should  be  infiltrated. 

Neck,      The  anterior  and  lateral  regions  of  the  neck,  from  the  cliin 

to  the  sternum  and  from  the  mastoid  to  the  acromion,  are  supplied  by 


Fig.  15b.     Injection  of  Gassehian  Ganglion.    Line  of  needle  viewed  from  front. 

branches  of  the  cervical  plexus, — the  occipitalis  minor,  auricularis  mag- 
nus,  superficialis  colli,  and  the  anterior,  middle,  and  posterior  supraclavic- 
ular nerves.  These  nerves  may  all  be  reached  at  the  posterior  border  of 
the  sternocleidomastoid  muscle.     The  needle  should  be  introduced  just 
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above  and  posterior  to  the  crossing  of  the  external  jugular  vein  and  the 
posterior  border  of  the  sternocleidomastoid  (Fig.  i6).  The  anaesthetic 
must  be  injected  beneath  the  deep  fascia.  By  directing  the  needle  forward 
beneath  the  deep  fascia,  the  superficialis  colli  is  reached  and  by  directing 
it  upward,  just  beneath  the  posterior  border  of  the  muscle,  the  occipitalis 
minor  is  reached.    Tlie  auricularis  magnus  soon  perforates  the  deep  fascia 


Fig.  15c.     Injection  of  G.^sserian  Ganglion,    a.  Foramen  ovale,    b,  Inferior 
surface  of  ^eat  wing  of  sphenoid. 

and  lies  a  little  anterior  to  the  occipitalis  minor.  By  directing  the  needle 
downward  and  slightly  backward,  the  supraclavicular  branches  are 
reached.  To  block  all  of  these  nerves  requires  the  injection  of  15-25 
ccm,  of  a  I  -  1.5  per  cent  solution  of  procaine  or  apothesine.  Only  those 
nerves  need  be  blocked  which  supply  the  area  to  be  operated  on.  If  the 
operation  extends  across  the  midline,  both  sides  should  be  blocked.  If 
the  deep  structures  of  the  upper  part  of  the  neck  are  to  be  invaded  by 
the  operation,  it  is  well  to  block  the  superior  laryngeal  nerve  behind  and 
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below  the  great  cornu  of  the  hyoid  bone.  Blocking  the  neck  in  this 
manner  is  a  very  satisfactory  procedure,  and  permits  the  painless  per- 
formance of  almost  any  operation  in  the  anterolateral  region  of  the  neck, 
such  as  removal  of  tubercular  glands,  tumors,  goiters,  and  the  perform- 
ance of  tracheotomy,  laryngectomy,  ligation  of  arteries,  plastic  opera- 
tions, etc.    Blood  vessels  are  sensitive;  consequently  the  ligation  of  the 


Fig.  16.    Point  for  Introduction  of  Needle  for  Blocking  of  Cervical  Plexus. 

vessels  entering  the  superior  pole  of  the  thyroid  is  slightly  painful,  unless 
the  superior  laryngeal  nerve  is  blocked  as  already  mentioned.  Laryn- 
gectomy under  local  aiuesthesia  is  a  comparatively  simple  operation  on 
account  of  the  absence  of  the  anaesthetist  and  of  all  the  troubles  that 
usually  accompany  the  giving  of  a  general  anaesthetic  for  this  operation. 
The  operation  is  painless  until  the  pharynx,  which  is  supplied  by  the 
glossopharyngeal  and  the  vagus,  is  reached.  A  little  infiltration  at  this 
point  renders  the  area  anaesthetic  and  permits  the  completion  of  the 
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operation  without  pain.  When  the  supraclavicular  nerves  are  blocked, 
any  operation  on  the  top  of  the  shoulder  and  the  supraclavicular  region, 
including  operations  on  the  clavicle  itself,  may  be  performed. 

Upper  extremity.  The  upper  extremity  may  be  rendered  anes- 
thetic by  blocking  the  brachial  plexus  in  the  neck  just  above  the  clavicle. 
If  the  blocking  is  successful  the  anaesthesia  is  complete,  with  the  excep- 


a  c  d 

Fig.  17.    Site  of  Injection  of  Brachial  Plexus,    a,  Point  for  introducing  needle. 
b.  Brachial  plexus,    c.  Subclavian  vein,    d.  Subclavian  artery. 

tion  of  a  small  area  on  the  inner  side  of  the  arm,  which  is  supplied  by  the 
intercostohumeral  nerve,  and  the  area  about  the  shoulder,  which  is  sup- 
plied by  branches  of  the  cervical  plexus.  Owing  to  the  intimate  manner 
in  which  the  nerve  trunks  in  the  axilla  are  surrounded  by  blood  vessels, 
blocking  of  the  trunks  in  this  region,  as  described  by  Herschel  ( Vcrhandl. 
d.  Deutsch.  Gesellsch.  f.  Chir.,  1912,  xli,  348),  is  not  to  be  recommended 
on  account  of  the  danger  of  injuring  the  vessels.    In  the  blocking  of  the 


Fig.  18.  Fio.  19. 

Fics.  18  AND  19.  Nerves  of  Upper  Extremity,  ad.  N.  cuianeus  antibrachii 
dorsalis  (blue  oblique),  al,  K.  cutaneus  antibrachii  lateralis  (red  transverse). 
tint,  X.  cutancus  antibracliii  mcdtalis  (lilack  vertical),  bl,  N.  cutaneus  braehii 
lateralis  (blue  transverse),  bin.  N.  ciitaneiis  bracliii  mcdialis  (red  vertical). 
6/>,  N.  cutaneus  braehii  posterior  (red  ohlii|ue).  m,  N.  medianus  (red  vertical), 
r.  R.  superlicialis  n.  radialis  (blue  vertical),  sc.  Nn.  supraelaviculares  (black 
vertical).    «,  N,  ulnaris  (black  transverse), 
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plexus  above  the  clavicle,  the  method  of  Kulenkampf  (Centralbl,  f.  Chir., 
191 1,  xxxviii,  1336)  is  the  one  usually  followed.  The  injection  may  be 
made  with  the  patient  sitting  or  lying.  In  the  sitting  position,  the 
shoulder  and  the  clavicle  are  lower  and  the  plexus  more  easily  reached. 
If  the  injection  is  to  be  made  with  the  patient  lying,  the  shoulder  should 
be  drawn  downward  as  much  as  possible.  The  subclavian  artery  is  iden- 
tified by  palpation.  A  small  wheal  is  made  in  the  skin  just  above  the 
middle  of  the  clavicle,  and  external  to  the  external  jugular  vein  (Fig.  17). 
A  small  long  needle  is  introduced  through  the  wheal  and  passed  in  a 
direction  backward,  inward,  and  slightly  downward,  so  that  the  line  of 
projection  would  strike  the  second  dorsal  spinous  process.  The  point  of 
the  needle  will  meet  the  plexus  above  the  artery  as  the  cords  are  about 
to  cross  the  first  rib.  When  the  needle  comes  in  contact  with  the  nerves, 
the  patient  will  experience  paraesthesia  in  the  region  of  distribution  of 
the  particular  nerve  touched.  The  use  of  the  insulated  needle  and  the 
small  electric  dynamo,  already  mentioned,  will  be  of  great  assistance  in 
locating  nerves.  When  the  needle  is  in  contact  with  the  cords,  about 
10-15  ccm.  of  a  2  per  cent  solution  should  be  injected.  Anaesthesia 
comes  on  slowly  and  is  complete  as  a  rule  in  from  ten  to  fifteen  minutes. 
It  is  advisable  to  allow  the  needle  to  remain  in  situ  until  it  is  certain 
that  the  anaesthesia  is  going  to  be  complete.  At  the  end  of  a  few  minutes, 
should  it  appear  that  the  anaesthesia  is  not  going  to  be  sufficient,  more 
of  the  solution  may  be  injected  without  the  necessity  of  re-introducing 
the  needle.  Blocking  the  plexus  is  not  always  an  easy  matter,  and  some 
experience  is  necessary  in  order  to  pass  the  needle  to  the  right  spot.  The 
most  difficult  portion  of  the  plexus  to  reach  is  the  lower  cord.  The  ten- 
dency is  to  pass  the  needle  too  high  and  too  far  out,  on  account  of  the 
fear  of  injuring  the  artery.  While  puncturing  the  artery  is  not  a  desir- 
able thing  to  do,  it  has  not  so  far  been  followed  by  any  serious  conse- 
quences. Of  course,  the  needle  should  be  introduced  detached  from  the 
syringe,  so  that  in  case  a  vessel  be  punctured  the  escape  of  blood  will 
give  warning,  and  the  injection  of  the  solution  into  the  circulation  be 
obviated.  Care  must  also  be  taken  not  to  injure  the  pleura  or  lung  by 
passing  the  needle  too  low  and  too  far  inward.  In  operations  involving 
only  a  limited  area  of  the  arm  or  forearm  it  is  better  to  block  off  the 
field  by  infiltration,  and  reserve  the  plexus  blocking  for  more  extensive 
operations,  amputations,  etc.  In  operations  on  the  hand  the  ulnar  and 
median  nerves  may  be  blocked  in  the  lower  part  of  the  arm  just  above 
the  elbow,  w-here  they  both  lie  just  beneath  the  deep  fascia,  or  the  ulnar 
nerve  may  be  blocked  back  of  the  internal  condyle  of  the  humerus,  and 
the  median  in  the  forearm  a  short  distance  above  the  wrist,  where  it  lies 
in  the  midline  beneath  the  tendon  of  the  palmaris  longus   (Fig.   18). 
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The  radial  nerve  may  be  reached  6-8  cm.  above  the  wrist,  where  it  lies 
external  to  the  radial  vessels  beneath  the  tendon  of  the  supinator  longus 
muscle,  or  it  may  be  reached  just  above  the  elbow  where  it  lies  rather 
deeply  between  the  supinator  longus  and  the  brachialis  anticus.  Blocking 
in  the  latter  position  has  the  advantage  of  including  the  posterior  interos- 
seous nerve.  Operations  on  the  fingers,  including  amputations,  may  be 
done  by  injecting  the  nerves  at  the  junction  of  the  lateral  and  the 
anterior  and  posterior  surfaces  at  the  base  of  the  finger. 

Lower  extremity.  The  lower  extremity  is  supplied  by  the  great 
sciatic,  the  small  sciatic,  the  femoral  (anterior  crural),  the  lateral  cuta- 
neous, and  the  obturator  nerves.  The  ilio-inguinal  and  the  genito-crural 
supply  a  small  area  on  the  upper  and  inner  part  of  the  thigh.  Some 
branches  of  the  genito-crural,  communicating  with  the  middle  cutaneous 
branches  of  the  femoral  nerve  help  to  supply  the  skin  as  far  down  as  the 
middle  of  the  anterior  aspect  of  the  thigh. 

If  the  entire  extremity  is  to  be  auciesthetized,  all  of  these  nerves  must 
be  blocked.  In  blocking  the  great  sciatic,  the  femoral,  and  the  obturator 
nerves,  the  insulated  needle  and  the  little  dynamo  previously  mentioned 
are  very  useful.  To  block  the  great  sciatic,  an  insulated  needle  should 
be  introduced  at  a  point  midway  between  the  tuberosity  of  the  ischium 
and  the  great  trochanter,  and  pushed  slowly  inward  (Fig.  20).  The 
nerve  lies  at  a  considerable  depth,  being  beneath  the  gluteus  maximus 
and  the  plane  of  the  hamstring  tendons.  When  the  point  of  the  needle 
touches  the  nerve  and  the  electric  current  is  tufned  on,  a  contraction  of 
the  muscles  supplied  by  the  nerve  takes  place.  The  wire  should  then  be 
disconnected  from  the  needle  and  the  solution  injected  immediately  on 
the  nerve.  When  an  ordinary  needle  is  used  without  the  electric  current, 
is  is  more  difficult  to  find  the  nerve,  particularly  in  a  large  fleshy  thigh. 
The  nerve  is  recognized  by  the  par^esthesia  complained  of  by  the  patient 
when  it  is  touched  by  the  needle.  The  small  sciatic  may  be  reached  at 
the  inferior  border  of  the  gluteus  maximus,  just  external  to  the  tuberos- 


Fir.s.  20  AND  21.  Nerves  of  Lower  Extremity,  ci,  N.  clunium  inferior  med- 
ialis  (blue  transverse),  cm,  Xn.  clunium  niedii  (red  vertical),  cs,  Nn.  clunium 
superiores  (red  transverse),  fa,  R.  cutanei  ant.  n.  femoralis  (red  transverse),  fl, 
N.  cutaneus  femoris  lateralis  (black  vertical),  fp,  N.  cutaneus  femoris  posterior 
(blue  vertical),  ih,  R.  cutanei  laterales  nn.  intercostalis  xii  et  iliohypogastrici 
(red  oblique),  it,  Nn.  ilio-inguinalis  ct  spermaticus  externus  (red  oblique),  /i,  N. 
lumbo-inguinalis  (red  vertical).  0,  R.  cutaneus  n.  obturatorii  (black  transverse). 
pi,  Nn.  plantares  (red  vertical),  pp,  N.  peronjeus  profundus  (red  transverse),  ps, 
N.  peronneus  supcrficialis  (blue  vertical),  sa,  R.  cutanei  cruris  mediales  n.  sapheni 
(red  oblique),  si,  N.  cutaneus  sur?e  lateralis  (blue  transverse),  su,  N.  suralis 
(blue  oblique),    t,  R.  calcanei  mediales  n.  tibialis  (blue  transverse). 


TECHNIQUE  OF  REGIONAL  ANESTHESIA  129 

ity  of  the  ischium,  where  it  lies  beneath  the  fascia  lata.  The  femoral 
nerve  makes  its  exit  from  the  pelvis  beneath  Poupart's  ligament  about  i 
cm.  to  the  outer  side  of  the  femoral  artery  (Fig.  21).  It  lies  beneath 
the  iliac  fascia  covering  the  psoas  muscle  at  this  point  and  occasionally 
it  is  buried  slightly  in  the  muscle.  To  reach  the  nerve  the  finger  should 
be  placed  on  the  femoral  artery  to  identify  it,  and  the  needle  introduced 
just  below  Poupart's  ligament  and  i  cm.  to  the  outer  side  of  the  artery. 
The  point  of  the  needle  must  lie  beneath  the  fascia  covering  the  psoas 
muscle.  If  the  electric  needle  is  used,  when  the  point  of  the  needle  touches 
the  nerve  contraction  of  the  muscles  supplied  by  the  nerve  takes  place. 
If  an  ordinary  needle  is  used,  the  patient  will  experience  painful  sensa- 
tions down  the  leg  when  the  nerve  is  touched.  From  5  to  10  ccm.  of  a  2 
per  cent  solution  will  produce  complete  anaesthesia.  The  lateral  cutaneous 
nerve  may  be  reached  at  a  point  just  above  Poupart's  ligament  and  about 
2-3  cm.  internal  to  the  anterior  superior  spinous  process  of  the  ilium. 
The  needle  should  be  directed  slightly  downward  beneath  the  ligament 
and  the  fascia  lata.  The  obturator  nerve  lies  on  the  adductor  brevis 
muscle,  and  is  covered  by  the  pectineus.  The  needle  should  be  introduced 
about  3  cm.  below  and  to  the  outer  side  of  the  spine  of  the  pubis.  It 
should  pass  through  the  fascia  lata,  and  between  the  pectineus  and  the 
adductor  longus  to  the  adductor  brevis,  when  it  should  be  directed  out- 
ward and  slightly  downward  about  2-3  cm.  If  the  electric  needle  be 
used,  contraction  of  the  adductor  group  of  muscles  will  be  produced  when 
the  needle  touches  the  nerve.  When  all  of  the  nerves  mentioned  have 
been  blocked,  any  operation  may  be  done  on  any  part  of  the  lower  extre- 
mity. The  author  has  amputated  through  the  thigh  a  number  of  times 
under  blocking,  and  has  found  the  method  particularly  useful  in  amputa- 
tions for  gangrene  in  feeble  persons.  Obviously  all  of  these  nerves  need 
not  be  blocked  in  all  operations  on  the  limb,  as  it  is  necessary  to  block 
only  those  supplying  the  area  to  be  operated  on.  In  operations  on  the 
foot,  only  the  great  sciatic  and  the  femoral  need  be  blocked,  but  if  the 
operation  is  a  minor  one,  such  as  the  removal  of  bunions  or  the  amputa- 
tion of  a  toe,  it  is  simpler  and  easier  to  do  it  under  infiltration. 

Operations  on  the  trunk.  The  trunk  may  be  subdivided  into  two 
portions,  an  upper  and  a  lower.  The  upper  includes  the  thorax,  and  the 
lower,  the  abdomen.  In  the  upper  portion,  operations  on  the  breast  are 
the  most  common.  The  breast  and  the  skin  covering  it  are  supplied  by 
the  intercostal  nerves  and  the  descending  branches  of  the  cervical  plexus ; 
the  latter  extend  below  the  clavicle  on  the  anterior  wall  of  the  chest 
often  as  far  as  the  nipple.  The  intercostal  nerves  and  the  descending 
branches  of  the  cervical  plexus  overlap  somewhat,  so  that  the  line  of 
demarcation  on  the  skin  is  not  sharply  drawn. 

VOL.  I 
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Raising  the  breast  for  the  removal  of  benign  growths  through  the 
posterior  surface  may  be  done  very  readily  under  local  anaesthesia. 
Anaesthesia  may  be  produced  by  blocking  the  nerve  supply  at  a  distance 
from  the  field  of  operation,  or  by  the  infiltration  method.  In  the  latter 
method  the  line  of  incision,  which  should  lie  in  the  crease  marking  the 
junction  of  the  breast  with  the  chest  wall,  should  be  anaesthetized  by 
subcutaneous  infiltration.  A  long  needle  is  then  passed  into  the  loose 
cellular  space  between  the  breast  and  the  pectoral  fascia,  and  from  15  to  20 
ccm.  of  the  solution  injected.  By  rubbing  the  breast  against  the  chest 
wall  the  fluid  is  caused  to  spread  out  in  this  space.  The  breast  may  now 
be  raised  up  and  the  growth  removed  through  its  posterior  surface  with- 
out pain.  The  space  left  in  the  breast  as  a  result  of  the  removal  of  the 
growth  should  be  closed  by  catgut  suture,  the  breast  returned  to  its  normal 
location,  and  the  wound  closed  in  the  usual  way.  The  entire  breast  may 
be  removed  by  this  method  in  non-malignant  cases,  but  when  malignancy 
is  present  and  the  complete  operation  is  demanded,  the  more  extensive 
blocking  method  is  desirable.  The  descending  branches  of  the  cervical 
plexus  should  be  blocked  in  the  neck  at  the  point  already  mentioned,  and 
the  second,  third,  fourth,  fifth,  and  sixth  intercostal  nerves  blocked  near 
the  angle  of  the  ribs.  The  axillary  space  may  be  infiltrated.  With  this 
extensive  blocking,  the  entire  breast  with  the  pectoral  muscles  may  be 
removed  and  the  axilla  thoroughly  cleared  out. 

In  resecting  a  rib,  the  intercostal  nerve  above  and  below  the  rib  to 
be  removed  should  be  blocked  near  or  just  posterior  to  the  angle.  By 
blocking  well  back,  the  lateral  cutaneous  branches  are  included  in  the 
block.  By  blocking  a  sufficient  number  of  nerves,  thoracoplasty  may  be 
done  for  chronic  empyema,  pulmonary  abscess,  the  removal  of  foreign 
bodies,  etc.  Local  anaesthesia  is  of  special  value  in  operations  on  the 
chest,  owing  to  the  great  danger  of  a  general  anaesthetic  in  many  of 
these  cases. 

Laminectomy  may  be  done  by  injecting  on  both  sides  of  the  spine 
beside  the  vertebra  to  be  operated  on.  After  the  skin  has  been  rendered 
anaesthetic  by  the  subcutaneous  injection  of  a  0.5  per  cent  solution,  the 
needle  should  be  introduced  about  3  cm.  lateral  to  the  spinous  processes 
and  passed  down  to  the  interv^ertebral  foramina,  so  as  to  reach  the 
posterior  branches  of  the  nerves,  which  are  given  oflf  soon  after  the 
nerves  make  their  exit  from  the  canal.  As  many  of  the  posterior  branches 
must  be  injected  as  may  be  necessary  to  include  the  region  to  be  operated 
on.    Of  course  both  sides  must  be  injected. 

Operations  on  the  abdomen.  As  the  abdominal  wall  can  be 
rendered  anaesthetic  at  any  point  and  over  any  sized  area,  almost  any 
operation  involving  the  wall  itself  can  be  done  under  local  anaesthesia, 
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and  as  the  entire  thickness  of  the  wall  can  be  anaesthetized,  the  abdominal 
cavity  can  be  opened  at  any  desired  point  without  pain.  The  parietal 
peritoneum  is  acutely  sensitive  to  all  kinds  of  trauma,  and  an  injury  to 
the  peritoneum  is  always  made  manifest  by  pain  and  by  muscular  rigidity 
over  the  site  of  the  injury.  This  muscular  rigidity  is  so  characteristic 
of  peritoneal  irritation  that,  when  the  abdomen  is  being  opened  under 
local  anaesthesia,  the  absence  of  rigidity  and  of  intra-abdominal  tension 
is  conclusive  evidence  that  the  nerves  supplying  the  peritoneum  at  the 
site  of  the  operation  are  completely  blocked.  This  relaxation  of  the 
abdominal  muscles  with  absence  of  intra-abdominal  tension  is  one  of  the 
most  striking  features  of  abdominal  operations  under  local  anaesthesia. 
Blocking  of  the  abdominal  wall,  however,  does  not  block  the  organs 
within,  but  fortunately  many  of  these  organs  are  not  sensitive  to  ordinary 
trauma,  so  that  much  operative  work  may  be  done  within  the  abdomen 
without  pain  by  simply  blocking  the  abdominal  wall.  If  the  wall,  includ- 
ing of  course  the  parietal  peritoneum,  is  blocked,  the  abdomen  may  be 
opened  and  its  contents  thoroughly  explored  without  pain,  and  there  will 
be  no  tendency  for  the  intestines  to  crowd  out  of  the  opening  so  long  as 
no  unblocked  parietal  peritoneum  is  injured,  or  violently  pulled  upon. 
The  portion  of  peritoneum  covering  the  posterior  abdominal  wall  is  just  as 
truly  parietal  peritoneum  as  that  covering  the  anterior  wall,  and  it  is 
just  as  sensitive.  The  omentum,  stomach,  small  intestine,  colon,  liver, 
gall-bladder,  and  spleen  are  not  sensitive  to  trauma.  The  mesentery  is 
not  sensitive  until  one  approaches  its  root,  or  the  posterior  parietal  peri- 
toneum. The  kidney  is  not  sensitive,  but  the  peritoneum  anterior  to  it  is, 
as  are  also  the  perirenal  tissues.  While  the  mesentery  itself  is  not  sensi- 
tive, traction  on  it  causes  pain,  which  as  a  rule  is  referred  to  the  region 
of  the  umbilicus,  or  the  epigastric  region,  and  which  is  usually  accom- 
panied by  a  feeling  of  nausea.  If  the  mesocolon  or  the  meso-appendix  is 
drawn  on,  the  same  kind  of  a  pain  in  the  epigastric  region,  with  nausea, 
may  be  produced.  The  gall-bladder  may  be  opened  and  stones  removed 
from  it  without  pain,  but  traction  on  the  bladder  or  any  manipulation  of 
the  bile  ducts  immediately  causes  pain  by  reason  of  the  interference  with 
the  posterior  parietal  peritoneum.  For  the  same  reason,  manipulations 
of  the  duodenum  are  painful,  although  the  gut  itself  may  be  incised  and 
stitched  without  giving  rise  to  any  sensation.  The  use  of  laparotomy 
sponges  in  the  abdomen  to  pack  off  the  intestines  is  painful  on  account 
of  the  pressure  on  the  parietal  peritoneum.  If  one  but  bears  in  mind  the 
fundamental  principles  and  does  not  do  violence  to  them,  one  may  do  a 
great  deal  of  work  in  the  abdomen  under  local  anaesthesia  in  a  most 
satisfactory  manner.  Operations  on  the  small  intestine  and  on  the 
stomach,  gastro-enterostomy,  appendectomy,  cholecystotomy,  colostomy, 
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in  the  majority  of  cases  may  be  done  without  pain,  under  local  anasthe- 
sia  alone.  If  during  any  of  these  operations  it  should  be  found  necessary 
to  invade  an  unblocked  area,  the  patient  may  be  given  gas  for  a  few 
minutes  until  that  part  of  the  operation  is  finished,  when  the  gas  may  be 
discontinued  and  the  operation  completed  under  the  local  anaesthetic.  The 
distress  or  pain  and  nausea  caused  by  drawing  on  the  appendix  and 
its  mesentery  may  be  prevented  or  arrested  by  injecting  the  root  of  the 
mesenteriolum.     For  an  average  incision,  the  abdominal  wall  may  be 


Fig.  22.    Intercostal  Nerves  Between  Angle  of  Ribs  and  Spine. 


rendered  anesthetic  by  the  simple  infiltration  of  the  superficial  and  deep 
parts.  If  a  wider  area  of  anesthesia  is  desired,  the  solution  should  be 
injected  inside  the  sheath  of  the  rectus  muscle  along  its  outer  angle,  as 
the  intercostal  nerves  pierce  the  sheath  at  this  point,  and  if  blocked  at 
this  point  on  both  sides  the  intervening  space  will  be  rendered  an«esthetic 
As  the  abdominal  wall  is  supplied  by  the  lower  seven  dorsal  nerves,  the 
entire  wall  may  be  anaisthetized  by  blocking  these  nerves  on  both  sides 
at  their  exit  from  the  spinal  canal.  It  requires  some  practice  to  pass  the 
needle  down  to  the  intervertebral  foramina,  and  to  deposit  the  solution 
exactly  at  the  right  spot.  The  dorsal  or  intercostal  nerves  are  more  easily 
reached  by  using  the  lower  edge  of  the  ribs  as  a  guide  than  by  attempting 
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Fig.  23.  Cutaneous  Nerves  of  Chest  and  Abdomen,  a.  Cutaneous  distri- 
bulion  of  supraclavicular  nerves,  b.  Point  for  injecting  cervical  plexus,  c.  Cuta- 
neous distribution  of  iliohypogastric  and  ilio-inguinal  nerves,  d.  Point  for  injecting 
iliohypogastric  and  ilio-inguinal  nerves. 
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to  pass  the  needle  directly  down  to  the  foramina.  A  wheal  is  made  on 
either  side  of  the  midline  posteriorly,  about  opposite  the  angle  of  the  ribs, 
marking  the  upper  limit  of  the  nerves  to  be  injected.  Through  this  wheal 
the  needle  is  introduced,  and  a  small  amount  of  a  dilute  solution  injected 
into  the  skin  from  the  inner  side,  opposite  the  angles  of  as  many  ribs  as 
there  are  nerves  to  be  blocked.  This  method  renders  subsequent  punctur- 
ing of  the  skin  painless.  The  needle  is  then  introduced  in  an  oblique  direc- 
tion inward  and  backward  until  it  comes  in  contact  with  the  lower  edge  of 
the  rib,  posterior  to  the  angle.  The  point  of  the  needle  is  then  slightly  de- 
pressed, and  following  the  direction  of  the  rib,  pushed  on  toward  the 
spinal  column  for  a  distance  of  2  -  3  cm.,  when  it  will  be  found  in  contact 
wMth  the  nerve  soon  after  its  exit  from  the  foramen  (Fig.  22).  From  3 
to  5  ccm.  of  a  I  or  2  per  cent  solution  should  be  injected  about  each  nerve. 
If  the  nerves  on  both  sides  are  blocked,  an  area  in  width  corresponding  to 
the  number  of  nerves  blocked  will  be  anaesthetized,  and  the  abdomen  may 
be  opened  at  any  point  within  the  anaesthetized  zone  (Fig.  23). 

In  operations  on  the  gall-bladder,  only  the  6th,  7th,  8th,  9th,  and 
loth  dorsal  nerves  on  the  right  side  need  be  blocked,  while  in  removal  of 
the  appendix  it  is  necessary  to  block  only  the  loth,  i  ith,  and  12th  dorsal. 
If  one  has  not  been  entirely  successful  in  reaching  all  the  nerves  desired 
at  their  exit,  so  that  the  anaesthesia  is  incomplete,  it  may  be  made  complete 
by  infiltrating  the  unanaesthetized  spots  w^th  a  dilute  solution.  Instead 
of  using  the  paravertebral  injection  for  removing  the  appendix,  one  may 
anaesthetize  the  area  of  operation  by  making  a  small  wheal  in  the  skin 
about  3  ~  4  cm.  above  and  internal  to  the  anterior  superior  spine  of  the 
ilium.  Through  this  wheal  the  needle  is  introduced  in  an  oblique  direc- 
tion upward  and  backward  into  the  space  between  the  internal  oblique 
and  the  transversalis  muscles,  and  4-5  ccm.  of  a  i  per  cent  solution  in- 
jected at  two  or  three  points  in  this  space.  The  needle  is  then  withdrawn 
until  the  point  is  outside  the  external  oblique,  when  it  is  introduced  in  an 
oblique  direction  downward  and  inward  to  the  properitoneal  space,  and 
the  same  amount  of  the  solution  injected  at  two  points.  It  is  again 
withdrawn  outside  the  external  oblique,  and  then  pushed  along  just  be- 
neath the  skin  in  the  direction  of  the  proposed  incision  for  a  distance  of 
6-10  cm.,  as  may  be  necessary,  and  a  little  of  the  solution  deposited 
just  beneath  the  skin  as  the  needle  is  withdrawn.  In  about  five  minutes 
the  abdomen  may  be  opened  along  the  line  of  anaesthesia  without  any 
pain.  When  the  appendix  is  found,  the  root  of  its  mesentery  may  be 
injected  with  a  few  cubic  centimeters  of  the  solution,  and  the  appendix 
painlessly  removed. 

In  operations  on  the  kidney,  the  loth,  nth,  and  T2th  dorsal,  and  the 
1st  lumbar  nerves  should  be  blocked.    If  the  kidney  has  to  be  separated 
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from  its  surrounding  capsule,  it  may  be  necessary  to  supplement  the  local 
.anaesthesia  with  a  little  gas  for  a  few  minutes  during  this  part  of  the 
operation. 

In  paravertebral  work,  the  nearer  the  nerves  are  blocked  to  the  inter- 
vertebral foramina,  the  better  the  anaesthesia,  and  if  the  blocking  includes 
the  branches  communicating  with  the  sympathetic  ganglia,  work  on  the 
viscera  may  be  done  without  pain.  As  it  is  not  always  easy  to  bring  the 
point  of  the  needle  to  the  exact  spot  desired,  it  is  perhaps  better  to  inject 
a  larger  amount  of  a  dilute  solution,  for  instance  10-15  ccm.  of  a  0.5 
per  cent  solution,  about  each  nerve  rather  than  a  smaller  amount,  3-4 
ccm.,  of  a  1.5  or  2  per  cent  solution,  as  the  chance  of  reaching  all  of  the 
nerves  is  thus  much  greater. 

Operations  for  the  radical  cure  of  inguinal  hernia  or  for  strangu- 
lated hernia  may  be  done  very  readily  under  local  anaesthesia.  The  region 
involved  is  supplied  by  the  i  ith  and  12th  dorsal  and  the  ist,  and  occasion- 
ally part  of  the  2nd,  lumbar  nerves.  The  paravertebral  blocking  of  these 
nerves  renders  the  entire  region  anaesthetic.  As  it  is  not  always  easy  to 
reach  the  lumbar  nerves  at  the  foramina,  the  region  may  Hkewise  be 
blocked  by  introducing  the  needle  at  a  point  about  3  cm.  internal  to,  and 
slightly  below,  the  anterior  superior  spine  of  the  ilium,  and  passing  it 
obliquely  upward  and  backward  between  the  internal  oblique  and  the 
transversalis  muscles  to  the  crest  of  the  ilium.  From  15  to  20  ccm.  of  a 
0.5  per  cent  solution  injected  at  this  point  blocks  the  ilio-hypogastric, 
while  the  12th  dorsal  is  reached  in  the  same  space,  but  higher  up  from 
the  point  of  introduction.  The  needle  is  then  withdrawn  just  outside  of 
the  external  oblique,  when  it  is  directed  inward  and  slightly  downward 
in  the  direction  of  Poupart's  ligament  and  made  to  penetrate  the  external 
oblique,  where  the  injection  of  2  or  3  ccm.  of  the  solution  blocks  the  ilio- 
inguinal. The  needle  is  then  advanced  toward  the  neck  of  the  sac,  where 
3  or  4  ccm.  of  the  solution  are  deposited;  then  it  is  withdrawn  just  outside 
of  the  external  oblique.  It  should  next  be  pushed  along  in  the  same  direc- 
tion, but  just  beneath  the  skin,  as  far  as  the  spine  of  the  pubis,  where  3 
or  4  ccm.  of  the  solution  are  injected.  The  needle  is  then  withdrawn 
entirely,  and  introduced  over  the  spine  of  the  pubis  through  the  wheal 
made  at  that  point,  and  passed  down  to  Gimbemat's  ligament,  where 
from  5-10  ccm.  of  the  solution  are  injected.  The  region  will  now  be 
found  thoroughly  blocked,  and  any  operation  for  inguinal  hernia  may  be 
done  without  pain.  Operations  for  femoral  hernia,  vasotomy  and  opera- 
tions for  hydrocele  may  be  carried  out  under  simple  infiltration. 
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SACRAL  ANESTHESIA 

Blocking  of  the  sacral  plexus  by  intrasacral  injection  is  one  of  the 
most  satisfactory  procedures  in  the  field  of  local  anaesthesia.  As  the 
spinal  cord  ends  at  the  upper  border  of  the  second  lumbar  vertebra,  and 
the  central  spinal  canal  ends  in  a  sac  at  the  second  sacral  segment,  intra- 
sacral injection  produces  a  pure  ner\'e  blocking,  and  not  a  central  anaes- 
thesia. The  sacral  canal  should  be  entered  at  the  hiatus  on  the  posterior 
surface  of  the  caudal  end.  The  size  of  this  hiatus  varies  greatly.  At 
times  the  posterior  arches  of  the  sacral  segments  are  well  formed  and 
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Fig.  24.    Small  Trocar  for  Injecting  the  Sacral  Canal. 

quite  complete,  so  that  the  opening  into  the  sacral  canal  is  at  the  end  of 
the  sacrum  where  it  articulates  with  the  coccyx.  Again  the  posterior 
arches  of  the  lower  one  or  two  segments  may  be  defective,  thus  leaving 
an  opening  into  the  canal  as  much  as  3  or  4  cm.  in  length.  Sacra  likewise 
vary  greatly  in  their  degree  of  curvature.  As  is  well  known,  the  curvature 
as  a  rule  is  greater  in  females  than  it  is  in  males.  Sacra  are  also  frequently 
asymmetrical,  so  that  the  spines  and  the  hiatus  at  the  lower  end  are  not 
exactly  in  the  midline.  All  of  these  facts  must  be  kept  in  mind  when 
attempting  to  introduce  the  needle  into  the  sacral  canal.  The  author 
uses  for  this  purpose  a  specially  constructed  needle,  which  in  fact  is  a 
small  trocar  (Fig.  24),  with  its  cannula  of  soft  metal  and  its  stylet  of 
hard  steel.  The  ordinary  hollow  needle  is  not  safe  to  use  for  this  pur- 
pose, as  it  is  apt  to  break  when  being  pushed  through  the  dense  ligamen- 
tous structure  closing  the  hiatus,  an  accident  which  has  happened  to  the 
author  twice.  The  author  introduces  the  needle  in  the  following  manner : 
The  patient  is  placed  on  the  right  side,  with  the  hips  and  knees  well  flexed. 
The  posterior  surface  of  the  sacrum  is  carefully  inspected  and  palpated  to 
determine  its  degree  of  curvature  and  whether  it  is  symmetrical  or  not. 
The  sacrococcygeal  junction  is  located  by  moving  -the  coccyx,  and  its 
relation  to  the  last  spine  noted.  The  distance  l>etween  the  last  spine  and 
the  sacrococcygeal  junction  indicates  the  approximate  length  of  the  hiatus. 
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The  hiatus  when  present  may  be  recognized  as  a  depression  just  below 
the  last  spine,  with  a  well-defined  edge  of  bone  on  either  side.  The  hiatus 
is  closed  by  a  dense  ligamentous  structure.  When  the  location  of  the 
hiatus  is  determined,  a  small  wheal  is  made  in  the  skin  and  the  injection 
carried  down  to  and  into  the  dense  ligamentous  structure.    The  small  tro- 


FiG.  25.  Topography  of  Sacrum,  a.  Hiatus  in  posterior  surface  of  sacrum. 
b.  Direction  of  needle  with  small  sacral  hiatus,  c.  Hiatus  in  posterior  surface  of 
sacrum,    d.  Direction  of  needle  with  large  sacral  hiatus. 

car  is  then  introduced  down  to  the  dense  structure,  which  is  readily  recog- 
nized by  the  sensation  experienced  as  the  trocar  penetrates  it,  and  pushed 
through  it  in  the  direction  of  the  canal  (Fig.  25).  If  it  has  been  passed 
in  the  right  direction,  the  trocar  as  it  perforates  the  dense  ligament  will 
be  felt  to  enter  a  free  space.  By  pushing  it  on  still  further,  one  will  feel 
the  point  of  the  trocar  impinge  against  bone,  which  will  be  the  posterior 
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wall  of  the  sacral  canal.  When  the  trocar  is  felt  to  pierce  a  dense  liga- 
ment, enter  a  free  space,  then  come  in  contact  with  bone,  one  may  be  sure 
that  it  is  in  the  sacral  canal.  It  is  then  withdrawn  slightly  and  the  stylet 
removed,  leaving  the  cannula  in  place.  If  blood  or  spinal  fluid  escape 
from  the  cannula,  it  has  entered  one  of  the  large  veins  or  the  spinal  sac, 
and  it  should  be  slightly  withdrawn,  or  its  position  changed,  until  the  blood 
or  fluid  ceases  to  appear.  After  waiting  a  few  seconds  to  be  sure  that 
nothing  escapes  from  the  cannula,  one  should  inject  about  lo  ccm.  of  a 
1.5  per  cent  solution.  If  the  end  of  the  cannula  is  in  the  sacral  canal,  the 
solution  will  flow  in  almost  without  resistance;  but,  on  the  other  hand,  if 
considerable  resistance  to  the  injection  of  the  solution  is  felt,  it  is  quite 
certain  that  the  cannula  is  not  in  the  canal.  In  about  four  or  five  minutes 
after  injecting  the  10  ccm.,  sensation  should  be  tested.  If  anaesthesia 
is  found  gradually  extending  from  the  cannula  toward  the  perineum,  it 
is  positive  evidence  that  the  cannula  is  in  the  proper  place  and  the  re- 
mainder of  the  solution  may  be  injected.  From  30  to  50  ccm.  should 
be  injected,  depending  upon  the  extent  of  the  anaesthesia  desired,  and 
the  cannula  withdrawn.  The  patient  may  then  be  turned  on  the  back 
and  the  hips  elevated,  permitting  the  fluid  to  gravitate  further  up  the 
canal.  The  anaesthesia  is  usually  complete  in  from  15  to  20  minutes, 
and  involves  the  anus,  rectum,  perineum,  urethra,  penis,  prostate  and 
base  of  the  bladder  in  the  male,  and  the  vagina,  pudendal  region,  uterus, 
and,  if  sufficient  solution  has  been  used,  the  pelvic  organs  in  the  female. 
There  will  also  be  the  usual  saddle-shaped  area  extending  over  the  but- 
tocks and  down  the  back  of  the  thighs,  the  size  of  which  will  depend  upon 
the  amount  of  the  solution  used.  Under  this  anaesthesia  any  operation 
involving  the  organs  or  regions  mentioned  may  be  performed  without 
pain.  Haemorrhoids  may  be  removed,  fistulae  in  ano  operated  on,  and 
even  complete  proctectomy  performed;  strictures  of  the  urethra  may 
be  divided,  the  prostate  removed,  either  perineally  or  suprapubically 
(combined  with  local  anaesthesia  of  the  pubic  region),  and  cystoscopic  ex- 
aminations made  in  painful  cases.  In  the  female,  perineorraphy,  colpor- 
raphy,  trachelorraphy,  curettage,  and  even  vaginal  hysterectomy  may 
be  performed  under  blocking  of  the  sacral  plexus.  Blocking  the  plexus 
is  greatly  to  be  preferred  to  the  infiltration  method  for  the  operations 
mentioned.  In  some  minor  operations,  such  as  circumcision,  it  is  unneces- 
sary to  block  the  plexus,  as  simple  circular  infiltration  of  the  prepuce  is 
sufficient. 


CHAPTER  IV 
SPINAL  ANESTHESIA 

Spinal  anaesthesia  (intradural  anaesthesia,  lumbar  anaesthesia)  is  a 
form  of  conduction  anaesthesia  in  which  the  nerve  roots  within  the  spinal 
canal  are  acted  upon  by  a  local  anaesthetic  introduced  by  a  needle  through 
the  dura.  The  effect  upon  the  cord  proper  is  relatively  slight,  and  the 
conducting  paths  within  the  cord  may  continue  to  functionate  under  spi- 
nal anaesthesia.  Any  efficient  local  anaesthetic  may  be  used  for  spinal 
anaesthesia,  but  cocaine,  eucaine,  beta-eucaine,  alypin,  magnesium  sulphate, 
and  certain  other  local  anaesthetics  have  been  tried  and  discarded  on 
account  of  untoward  effects  produced;  and  only  stovaine,  tropacocaine, 
and  procaine  need  be  considered. 

To  be  efficient,  the  local  anaesthetic  must  come  in  contact,  in  sufficient 
quantity  and  concentration,  with  all  nerve  roots  supplying  the  segments 
invaded  during  the  operation.  While  it  is  more  important  to  abolish 
pain  than  motion,  the  associated  action  on  the  anterior  nerve  roots  gives 
a  relaxation  that  often  greatly  facilitates  the  work  of  the  surgeon. 

In  1888  J.  Leonard  Corning,  of  New  York,  attempted  to  influence 
the  spinal  cord  by  injecting  between  the  vertebral  spinous  processes  a 
solution  of  cocaine.  It  is  probable  that  Coming's  injections  were  really 
intradural,  as  he  noticed  motor  and  sensory  loss  in  the  lower  extremities, 
conditions  difficult  to  produce  by  small  extradural  injections.  Although 
Corning  suggested  the  feasibility  of  the  method  for  the  production  of 
analgesia  for  surgical  purposes,  it  was  not  until  1889  that  August  Bier, 
of  Bonn,  experimented  upon  himself  and  his  assistant,  and  first  de- 
liberately produced  spinal  analgesia  by  an  injection  within  the  dura.  The 
rapid  and  widespread  adoption  of  the  method,  despite  Bier's  warnings, 
was  followed  by  as  rapid  an  abandonment,  owing  to  unsolved  technical 
difficulties,  and  the  unpleasant  and  dangerous  symptoms  produced  by 
cocaine.  In  1904,  stovaine  (hydrochloride  of  dimethylaminobenzol- 
pentanol),  which  had  been  discovered  the  previous  year  by  the  French 
chemist  Fourneau,  was  substituted  for  the  more  toxic  cocaine,  and  the 
method  once  more  came  into  prominence.  Since  that  time  many  surgeons 
who  have  tried  the  method  have  had  imperfect  analgesia  or  deaths  from 
technical  defects,  and  from  the  unwise  selection  of  patients;  and  after  a 
brief  trial  have  abandoned  spinal  anaesthesia.     The  use  of  intradural 
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anaesthesia  has  therefore  been  greatly  retarded  by  the  carelessness  and 
Ignorance  of  many  who  have  attempted  to  use  it,  as  well  as  by  the  pre- 
judice of  those  who  have  had  no  experience  with  the  method. 

Attempts  to  make  spinal  anaesthesia  the  universal  anaesthetic,  as  well 
as  attempts  to  make  it  the  anaesthetic  of  choice  for  patients  who  are  other- 
wise bad  surgical  risks,  have  served  to  discredit  this  valuable  procedure. 
It  should  never  be  employed  unless  one  has  the  requisite  technical  skill, 
and  has  mastered  its  indications  and  its  physiologic  action. 

PHYSIOLOGIC  ACTION 

The  spinal  cord  occupies  less  than  one-half  of  the  anteroposterior  and 
transverse  diameters  of  the  spinal  canal,  leaving  a  considerable  space  within 
the  arachnoid  filled  with  cerebrospinal  fluid.  A  local  anaesthetic  introduced  within 
this  space  comes  in  contact,  not  only  with  the  cord,  covered  by  the  pia-arachnoid, 
but  also  with  the  motor  and  sensory  nerve  roots,  and  the  sympathetic  segments 
within  the  spinal  canal,  and  falls  or  rises  as  its  specific  gravity  is  greater  or 
less  than  that  of  the  cerebrospinal  fluid.  The  cerebrospinal  fluid  shows  little 
variation  in  specific  gravity  in  health  or  disease,  from  childhood  to  old  age.  In 
a  study  of  over  one  hundred  cerebrospinal  fluids  taken  from  patients  at  different 
ages  and  with  a  variety  of  diseases,  we  found  the  specific  gravity  to  show  little 
variation  from  1.0055  (l^ig-  26).  As  it  is  not  practicable  to  prepare  anaesthetic 
solutions  having  the  exact  specific  gravity  of  cerebrospinal  fluid,  it  is  desirable  to 
use  solutions  distinctly  lighter  or  heavier  than  the  cerebrospinal  fluid,  and  to  local- 
ize the  influence  of  the  drug  by  the  position  of  the  patient.  As  the  anaesthetic  solu- 
tion comes  in  contact  with  the  nerve  roots,  it  arrests  their  power  of  conductivity  so 
that  sensory  loss,  motor  paralysis,  and  sympathetic  paralysis  occur  in  the  segments 
affected.  The  autonomic  system  is  practically  uninfluenced.  Immediately  after  the 
injection  the  patient  usually  notices  a  sense  of  paraesthesia  in  the  feet,  followed  in 
a  very  few  seconds  by  a  complete  loss  of  sensation  and  almost  complete  loss  of  mo- 
tion. The  small  muscles  of  the  toes  and  the  iliopsoas  muscle  group  usually  retain 
some  power.  As  would  be  expected,  the  area  of  epicritic  loss  is  wider  and  more 
complete  than  the  area  of  protopathic  loss.  If  the  analgesia  is  not  deep,  the  patient 
may  feel  the  knife,  although  the  incision  is  not  painful.  The  motor  paralysis 
and  loss  of  muscle  and  deep  pressure  sense  are  secondary  to  the  loss  of  sen- 
sation, and  indicate  the  full  intensity  of  the  action  of  the  drug.  As  the  an- 
terior nerve  roots  are  less  exposed,  or  are  less  sensitive  to  the  action  of  the 
anaesthetic  than  the  posterior  roots,  analgesia  may  be  present  without  complete 
muscular  relaxation,  especially  if  a  weak  solution  or  a  feebler  drug  like  procaine 
(novocaine)  be  used. 

With  a  sufficient  dosage  of  an  active  drug,  the  patient  is  entirely  oblivious 
of  the  passive  movement  or  changed  position  of  the  affected  part.  For  example, 
if,  while  he  is  under  the  analgesia,  the  legs  are  raised  and  placed  in  the  lithotomy 
position,  the  patient  retains  the  concept  that  they  are  still  flat  on  the  table. 

From  a  full  adult  dose,  the  action  begins  a  few  seconds  after  the  injection, 
reaches  its  intensity  in  fifteen  or  twenty  minutes,  and  after  sixty  to  ninety 
minutes  gradually  disappears;  the  total  duration  of  the  analgesia  varies  directly 
with  the  dosage,  and  inversely,  within  limits,  with  the  dilution. 
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Fig.  26.  Apparatus  for  Determining  the  Specific  Gravity  of  Cerebro- 
spinal Fluid  (Babcock).  The  test  tubes  contain  solutions  of  salt  and  water  of 
known  specific  gravity.  The  cerebrospinal  fluid  is  collected  in  minute  tubes,  the 
corks  of  which  have  been  immersed  in  a  weak  alcoholic  solution  of  methylene 
blue  and  dried,  so  as  to  color  the  cerebrospinal  fluid.  With  a  capillary  pipette 
droplets  of  the  colored  fluid  are  expelled  about  the  center  of  the  fluid  in  each  test 
tube,  and  the  specific  gravity  is  determined  by  the  rise  or  fall  of  the  droplets.  In 
Ihe  illustration,  as  the  droplet  falls  in  a  solution  having  a  specific  gravity  of  1.005 
and  rises  in  a  solution  having  a  specific  gravity  of  1.006,  the  specific  gravity  of 
this  cerebrospinal  fluid  lies  between  these  two  points. 
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Abdomen.  Under  spinal  anaesthesia  the  abdominal  walls  become  relaxed,  and 
the  abdomen  more  scaphoid.  Abdominal  breathing  is  largely  abolished.  The 
anal  sphincters  relax  and  the  gaseous  and  liquid  contents  of  the  large  intestine 
often  escape.  The  intestinal  tube  contracts  and  shows  active  peristalsis.  Except 
in  the  mechanical  form  ileus  is  usually  promptly  relieved  by  the  injection.  Even 
in  mechanical  obstruction  of  the  intestine,  the  bowels  may  move  and  the  condition 
be  relieved  while  the  surgeon  is  preparing  to  incise  the  abdomen.  The  influence 
on  the  intestinal  tract  may  be  explained  largely  by  the  release  from  intestinal 
inhibition.  The  vasomotor  sympathetic  nerves,  the  source  of  intestinal  inhibition, 
are  blocked,  and  the  stimulating  autonomic  influence  from  the  vagi  and  the  motor 
stimulus  from  the  ganglia  of  Auerbach  are  left  unopposed. 

Operative  manipulations  within  the  abdomen  are  greatly  facilitated  by  the 
relaxed  parietes  and  contracted  intestine,  and  the  expulsion  of  gas  and  fa;cal  matter 
before  the  patient  leaves  the  operating  table  is  especially  helpful  in  intestinal 
obstruction.  The  stomach  in  some  degree  shares  the  peristaltic  stimulation.  If 
the  upper  dorsal  segments  are  involved,  nausea  is  often  noticed,  due  probably  to 
cerebral  anaemia.  The  patient  may  be  unable  to  vomit  with  the  head  raised,  from 
paralysis  of  the  abdominal  walls.  With  the  head  and  shoulders  lowered,  vomitus 
may  escape  as  from  an  inverted  bottle.  If  present,  the  nausea  is  usually  very 
transient.  It  may  also  result  from  mental  impressions.  Secondary  nausea  or 
secondary  paresis  of  the  intestines  from  spinal  anaesthesia  we  have  not  observed. 

Grenito-urinary  tract.  Under  spinal  anaesthesia  the  urinary  excretion  is 
distinctly  diminished  as  a  result  of  the  lowered  blood  pressure.  The  ureters  show 
periodic  peristaltic  waves  that  may  be  increased  in  frequency  by  mechanical 
stimulation. 

Incontinence  of  urine  is  not  produced  by  spinal  anaesthesia.  A  slight  or 
moderate  degree  of  priapism  is  only  occasionally  observed,  evidence  that  a  marked 
influence  on  the  lumbar  cord  is  inconstant.  Contrary  to  other  observers,  we  have 
found  no  urinary  evidence  of  renal  irritation  after  spinal  anaesthesia,  and  we  do 
not  believe  that  there  is  a  shower  of  albumen  or  casts  from  the  anaesthetic. 
Retention  of  urine  following  rectal,  urethral,  and  other  pelvic  operations,  occurs 
after  spinal  anaesthesia  as  it  does  after  local  anaesthesia  and  ether.  It  is  a  local 
reflex  and  probably  has  no  relation  to  the  intradural  injection. 

Circulation.  Spinal  anaesthesia  is  characterized  by  a  fall  in  the  blood  pres- 
sure and  a  slowing  of  the  pulse  that  are  proportionate  to  the  height  and  intensity 
of  the  anaesthesia.  With  involvement  of  the  upper  dorsal  nerve  roots,  the  pulse 
may  drop  to  forty  or  thirty  and  the  blood  pressure  to  zero  at  the  wrists,  while  an 
involvement  of  only  the  lower  spinal  segments  may  produce  only  a  slight  reduction 
in  the  pulse  rate  and  blood  pressure.  The  action  on  the  circulation  begins  soon 
after  the  appearance  of  motor  paralysis,  reaches  its  acme  in  about  fifteen  or 
twenty  minutes,  lasts  twenty  to  thirty  minutes,  and  gradually  passes  off.  The 
influence  on  the  circulation  may  be  explained  by  the  following  factors: 

1.  The  pressor  influences  from  the  cord  are  interrupted  and  there  is  a  vaso- 
motor paralysis  from  action  on  the  rami  communicantes  in  the  involved  spinal 
segments. 

2.  The  limitation  of  respiratory  movements  reduces  the  normal  aspirating 
influence  on  the  venae  cavae,  the  right  auricle  fills  slowly,  and  therefore  the  other 
cavities  of  the  heart  fill  slowly. 

3.  The  inhibitory  influence  of  the  vagi  on  the  heart  continues  and  is  largely 
unopposed. 
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4.  The  most  powerful  normal  stimulus  to  a  vigorous  heart  action,  the  vis  a 
fronte,  is  largely  lost  with  the  fall  in  blood  pressure. 

A  blood  pressure  of  zero  at  the  wrists  may  be  harmless  if  the  respirations 
are  well  maintained.  The  hypotonus,  however,  favors  cardiac  arrest  in  certain 
forms  of  myocardial  disease,  as  well  as  in  thoracotomy  and  other  operations 
causing  sudden  changes  in  the  intrathoracic  tension.  The  depression  of  the  heart 
varies  directly  with  the  height  of  the  motor  paralysis,  being  greatest  in  high 
spinal  anaesthesia.  In  aneurism,  threatened  decompensation  of  valvular  disease, 
in  the  excessive  tension  of  eclampsia,  in  labor,  nephritis,  and  advanced  arterio- 
sclerosis the  vaso-relaxation  of  spinal  anaesthesia  may  be  protective.  Haemorrhage 
from  divided  vessels  and  from  the  open  uterine  sinuses  is  greatly  reduced  under 
spinal  anaesthesia,  while  there  is  no  increased  tendency  to  secondary  or  reactionary 
haemorrhage.  No  other  anaesthetic  produces  such  a  complete  vasomotor  relaxa- 
tion, and  for  this  reason  spinal  anaesthesia  should  be  used  with  care  or  avoided 
in  conditions  of  marked  hypotension,  while  indicated  in  forms  of  hypertension. 
During  severe  shock,  spinal  anaesthesia,  unless  guarded  by  methods  to  be  later 
described,  should  not  be  employed.  It  accentuates  pre-existing  shock,  although 
it  prevents  to  a  remarkable  degree  the  production  of  shock  by  the  operative 
measures  carried  out  under  its  influence.  The  best  antidote  for  the  fall  of  blood 
pressure  is  the  intravenous  injection  of  epinephrin. 

Respiration.  The  respiratory  movements  diminish  in  amplitude  according 
to  the  extent  of  paralysis  of  the  respiratory  muscles.  With  paralysis  of  the  lower 
dorsal  segments,  the  respirations  become  diaphragmatic  in  type,  but  are  without 
the  co-ordinate  movements  of  the  abdominal  wall.  As  the  muscles  of  the  thoracic 
walls  relax,  the  patient  complains  of  a  sense  of  weight  or  oppression  on  the  chest. 
The  skin,  although  pale,  is  usually  dry  and  of  fair  color.  If,  however,  the  third, 
fourth,  and  fifth  cervical  segments  supplying  the  phrenic  nerves  be  influenced, 
although  the  patient  may  continue  to  make  ineffectual  respiratory  movements 
with  the  accessory  respiratory  muscles  of  the  neck,  asphyxia  rapidly  develops  and 
the  patient  will  die  unless  efficient  efforts  at  artificial  respiration  be  instituted. 
If  a  solution  of  stovaine  be  applied  to  the  floor  of  the  fourth  ventricle  of  a  dog, 
the  respirations  are  almost  instantly  arrested,  but  the  animal  may  eventually 
recover,  provided  artificial  respiration  be  continued  until  the  centers  emerge  from 
the  influence  of  the  drug.  A  similar  condition  occurs  in  the  human  being  in 
anaesthesia  of  the  cervical  segments,  and  one  should  not  hesitate  to  continue 
artificial  respiration  for  forty  minutes  or  even  longer.  The  respirations  under 
spinal  anaesthesia  are  usually  slow  and  rather  shallow;  their  small  amplitude 
is  favorable  to  the  performance  of  abdominal  operations.  Cyanosis,  as  in  other 
forms  of  anaesthesia,  is  always  ominous.  Respiratory  movements  are  best  gauged 
by  a  wisp  of  cotton  fastened  to  the  tip  of  the  patient's  nose,  and  this  is  the  best 
indicator  of  the  efficiency  of  artificial  respiratory  measures.  Contrary  to  Jonnesco, 
the  addition  of  strychnine  to  the  anaesthetic  solution  does  not  prevent  respiratory 
depression  in  spinal  anaesthesia.  From  such  a  mixture  we  have  observed  strych- 
nine convulsions  in  the  upper  part  of  the  body,  with  motor  paralysis  and  relaxa- 
tion below  in  the  area  of  the  spinal  anaesthesia. 

Uterus.  During  labor,  uterine  contractions  continue  under  the  anaesthetic, 
but  being  without  the  normal  aid  of  the  voluntary  expulsive  forces,  they  are,  as 
a  rule,  inefficient  even  when  supplemented  by  the  associated  relaxation  of  the 
pelvic  outlet.  The  blood  pressure  in  the  uterine  sinuses  is  greatly  reduced. 
Haemorrhage  during  delivery  or  during  curettement  for  miscarriage  is  distinctly 
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less  than  that  seen  under  chloroform  or  ether  anaesthesia.  When  emptied,  the 
uterus  contracts  promptly,  and  secondary  haemorrhage  after  delivery  is  unusual. 

Skin.  Except  with  the  relaxation  of  high  spinal  anaesthesia  the  surface  of 
the  body  is  pale,  or  of  normal  color,  and  dry.  The  suffusion  of  the  skin,  drench- 
ing sweats,  and  heat  radiation  of  ether  are  absent. 

Local  and  general  toxic  action.  The  local  anaesthetics,  especially 
stovaine,  are  protoplasmic  poisons.  This  is  especially  shown  by  their  action  on 
the  cornea  when  introduced  into  the  conjunctival  sac.  When  a  strong  solution 
of  stovaine  is  injected  into  poorly  vascularized  tissue,  as  in  the  prepuce,  local 
necrosis  follows.  Injected  into  the  spinal  canal  of  a  dog  or  other  animal  where 
there  is  very  little  dilution  or  diffusion  of  cerebrospinal  fluid,  the  drug  produces 
degenerative  changes  in  the  cord.  One  cannot,  however,  properly  compare  the 
action  of  a  solution  of  stovaine  in  the  spinal  canal  of  a  dog  containing  but  7 
ccm.  of  fluid,  with  its  action  in  the  canal  of  a  man  containing  180  ccm.  of 
cerebrospinal  fluid.  In  dogs,  the  cord  is  often  damaged  and  permanent 
paraplegia  follows ;  in  man,  evidences  of  organic  change  in  the  cord  following  an- 
aesthesia are  almost  unknown.  A  number  of  our  patients  have  had  three  or  more 
injections  of  stovaine,  one  has  had  nine,  another  twelve,  without  any  evidence  of 
degeneration.  Some  of  these  injections  date  back  fifteen  years,  so  it  is  evident  that 
there  is  little  danger  of  later  degenerative  change  in  the  cord  from  the  method. 
The  direct  injection  of  the  anaesthetic  solution  into  the  substance  of  the  spinal 
cord  or  one  of  the  nerve  roots  may  be  followed  by  degenerative  changes.  In  a 
case  in  which  we  made  the  injection  into  a  nerve  root,  there  followed  a  very  violent 
sciatica  with  motor  paralysis  that  very  slowly  improved.  It  has  been  thought 
that  by  absorption  the  stovaine  used  in  spinal  anaesthesia  has  a  toxic  action  on 
the  parenchymatous  organs,  but  we  doubt  if  the  small  quantity  used,  six  centi- 
grams, has  an  effect  marked  enough  for  practical  consideration.  In  contrasting 
some  thousands  of  patients  after  spinal  anaesthesia  with  those  having  taken  ether, 
one  is  impressed  by  the  absence  of  postanaesthetic  toxic  symptoms  after  the 
intradural  injections.  Apart  from  the  occasional  meningeal  symptoms,  it  is 
difficult  to  find  any  postoperative  symptoms  attributable  to  the  spinal  anaesthetic. 

It  is  evident  that  spinal  anaesthesia  has  a  different  physiologic  action  from  that 
of  any  other  anaesthetic.  It  is  of  chief  value  when  its  application  is  based  on  its 
peculiar  physiologic  action  and  when  it  is  used  in  certain  of  the  conditions  that 
render  the  employment  of  other  anaesthetics  dangerous. 

SELECTION  OF  PATIENTS  FOR  SPINAL  AN-ffiSTHESIA 

For  upper  abdominal  lesions  requiring  operation,  we  consider  spinal 
anaesthesia  to  have  additional  risk.  Especially  is  this  true  with  elderly- 
obese  patients  with  biliary  disease,  and  fatty  myocardium.  The  ema- 
ciated patient,  if  not  in  the  stage  of  profound  exhaustion,  we  consider 
a  much  safer  subject.  Therefore,  we  select  local  anaesthesia  for  an  elderly 
fleshy  woman  in  poor  condition  from  purulent  cholecystitis  or  haemor- 
rhagic  pancreatitis,  and  spinal  anaesthesia  for  an  emaciated  old  man  with 
carcinoma  of  the  stomach  who  has  evidence  of  some  reserve  power. 
We  have  used  spinal  anaesthesia  for  nearly  all  splenectomies,  but  of  course 
the  risk  is  increased  by  the  high  segment  anaesthesia  required. 
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For  most  intra-abdominal  infections  lying  below  the  upper  abdomen, 
spinal  analgesia  is  especially  valuable.  In  acute  appendicitis  with  or  with- 
out peritonitis;  in  acute  forms  of  intestinal  obstruction  in  which  the 
patient  is  in  fair  general  condition;  or  for  intra-abdominal  injury  not 
associated  with  severe  shock  the  complete  relaxation  of  the  abdominal  wall 
and  the  facility  of  the  exploration  of  the  abdomen  give  spinal  anaesthesia 
advantages  over  any  other  anaesthetic  of  which  we  have  knowledge.  By 
no  other  method  can  the  operation  be  performed  through  such  a  small 
incision,  with  such  rapidity,  with  so  little  exposure  or  intra-abdominal 
manipulation,  with  so  little  added  toxaemia,  with  so  little  tendency  for 
the  intestines  to  protrude,  and  with  such  ease  as  to  the  suture  of  the 
wound.  These  advantages,  of  course,  are  lost  when  the  operation  con- 
sumes over  one  or  one  and  one-half  hours.  Nearly  all  forms  of  hernior- 
rhaphy are  very  conveniently  performed  under  spinal  anaesthesia,  as  are 
operations  upon  the  lower  urinary  tract,  particularly  prostatectomies. 
The  method  lends  itself  to  nearly  all  forms  of  gynaecologic  surgery, 
except  that  in  case  there  is  a  large  fibroid  of  the  uterus  or  other  large 
tumor  that  presses  upon  the  diaphragm  and  embarrasses  respiration,  or 
is  associated  with  myocardial  degeneration,  the  method  has  a  distinct 
risk.  In  four  cases  in  which  ether  was  followed  by  collapse  upon  the 
table  so  that  the  operation  could  not  be  performed,  spinal  anaesthesia  was 
later  used  without  untoward  symptoms ;  but  on  the  other  hand  the  only 
fatality  we  have  seen  from  spinal  anaesthesia  where  the  patient  was  in 
fairly  good  condition  was  in  an  obese  middle-aged  colored  woman  with 
a  very  large  fibroid  tumor  of  the  uterus.  This  patient  developed  respira- 
tory and  cardiac  failure  during  the  operation,  and  owing  to  delay  in 
introducing  adrenalized  saline  into  the  vein,  cardiac  massage  failed  to 
be  efficient  until  about  twenty-five  minutes  after  the  cessation  of  heart 
action.  This  patient,  while  respiration  and  circulation  were  finally  re- 
established by  the  aid  of  artificial  respiration,  did  not  regain  conscious- 
ness, and  died  about  two  days  later. 

While  we  usually  employ  spinal  anaesthesia  for  intra-abdominal 
haemorrhage  associated  with  marked  shock,  we  consider  it  unsafe  to  do  so 
without  first  tying  a  needle  into  a  convenient  vein  so  that,  if  necessary, 
transfusion  with  adrenalized  saline  may  be  started  without  delay.  By  this 
expedient,  for  example,  we  were  able  to  carry  a  patient,  pulseless  and  ap- 
parently moribund  from  rupture  of  the  pregnant  uterus,  through  a 
Porro  operation  with  a  final  recovery.  As  operations  upon  the  rectum 
and  anus  require  only  a  very  low  spinal  anaesthesia,  and  as  the  relaxation 
of  the  anal  sphincter  facilitates  the  work  of  the  surgeon,  it  may  be  recom- 
mended in  these  cases. 

Intradural  anaesthesia  we  have  routinely  used  in  the  so-called  tragic 
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types  of  ectopic  pregnancy.  In  these  cases  facilities  for  an  instant  in- 
travenous injection  should  always  be  at  hand. 

In  obstetric  surgery  spinal  anaesthesia  is  relatively  safe,  and  is  ef- 
ficient if  the  operation  can  be  completed  within  the  time  limits  of  the 
analgesia.  The  uterine  contractions  continue,  the  lower  portion  of  the 
birth  canal  is  entirely  relaxed,  but  all  voluntary  expulsion  efforts  are 
abolished.  The  delivery  of  the  child  must  be  manual  or  instrumental. 
Haemorrhage  during  delivery  or  during  a  curettage  is  diminished  by 
spinal  anaesthesia,  the  uterus  usually  firmly  contracts  after  delivery,  and 
there  is  no  increased  danger  of  postpartum  haemorrhage.  Of  course,  the 
anaesthetic  has  no  untoward  influence  on  the  child.  For  Caesarian  section 
spinal  anaesthesia  is  efficient,  reducing  the  operative  haemorrhage.  J.  P. 
Marsh,  of  Troy,  N.  Y.,  reports  six  cases  of  Caesarian  section  under  spinal 
amesthesia  for  eclampsia  with  no  maternal  deaths.  On  account  of  the 
high  blood  pressure  the  intradural  injection  is  especially  safe  in  eclampsia. 
All  patients  with  serious  valvular  heart  disease  or  fairly  advanced  forms 
of  pulmonary  tuberculosis  should  be  spared  the  strain  of  labor  by  an  arti- 
ficial delivery  under  spinal  or  an  equally  innocuous  anaesthetic. 

In  operations  on  the  kidneys  or  uterus,  except  in  the  obese  patient 
WMth  a  poor  myocardium,  we  prefer  lumbar  anaesthesia.  Operations  on 
the  spine,  in  patients  in  good  condition,  are  conveniently  carried  out 
under  spinal  anaesthesia.  The  analgesia  may  be  prolonged  indefinitely 
by  dropping  a  small  quantity  of  the  stovaine  solution  on  the  exposed 
nerve  roots  whenever  the  patient  shows  evidence  of  returning  sensation. 
If  the  respirations  are  embarrassed,  or  hypotension  present,  spinal  anaes- 
thesia should  be  avoided  or  used  with  great  care.  The  position  usually 
used  for  laminectomy  may  seriously  interfere  with  respiration. 

For  minor  operations  such  as  aspiration,  circumcision,  or  ingrown  toe- 
nail, we  feel  that  such  a  potentially  dangerous  analgesia  should  not  be 
employed.  For  most  of  the  more  serious  operations  upon  the  leg  spinal 
anaesthesia  has  advantages. 

Except  in  extreme  exhaustion  or  when  in  a  dying  condition,  infants 
are  good  subjects  for  spinal  analgesia.  It  is  desirable  to  use  a  somewhat 
smaller  and  shorter  needle,  and  the  child  should  be  firmly  held  during  the 
introduction.  Usually  there  is  less  excitation  from  the  needle  puncture 
than  from  the  inhalation  of  ether,  and  the  infant  quickly  forgets  the  pain 
of  the  needle  and  frequently  sleeps  during  the  operation.  We  have  re- 
peatedly operated  on  infants  from  24  hours  to  several  weeks  old,  for 
spina  bifida  or  other  congenital  defects,  under  spinal  anaesthesia.  It  is 
especially  valuable  for  children  with  peritonitis  from  appendicitis  or  other 
cause.  We  know  of  but  one  instance  of  the  death  of  a  baby  under  spinal 
anaesthesia,  and  in  this  case  we  gave  high  spinal  anaesthesia  for  a  pul- 
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monary  abscess.  During  the  progress  of  the  operation  while  the  lobes 
of  the  lung  were  being  separated  the  child  suddenly  died.  The  infant 
had  an  advanced  miliary  tuberculosis,  and  was  in  such  bad  condition  that 
for  several  weeks  preceding  the  operation  death  had  been  expected  almost 
daily.  If  used  in  adolescence  spinal  anaesthesia  is  also  relatively  safe. 
In  military  practice  for  soldiers  not  exhausted  by  shock  or  disease  it  is 
very  satisfactory.  In  middle  or  advanced  life  the  danger  from  spinal 
anaesthesia  distinctly  increases,  from  the  increasing  tendency  to  myo- 
cardial disease.  In  old  age,  in  patients  with  fair  myocardia  who  are 
not  overly  obese,  intradural  anaesthesia  is  relatively  safe  and  efficient. 
Of  the  general  diseases  which  contra-indicate  spinal  anaesthesia,  myo- 
cardial degeneration  is  perhaps  the  most  important.  Obese,  middle-aged, 
or  elderly  patients  should  therefore  be  carefully  studied  before  spinal 
anaesthesia  is  administered.  In  valvular  disease  of  the  heart,  unless  the 
compensation  is  very  seriously  broken,  it  may  be  used.  Indeed,  we  have 
not  hesitated  to  use  it  in  the  presence  of  ascites  or  other  evidence  of 
moderate  decompensation.  It  is  particularly  safe  in  forms  of  heart  disease 
associated  with  high  arterial  tension.  In  case  the  heart  or  lungs  are 
seriously  embarrassed  by  an  effusion  within  the  pericardium  or  pleura,  it 
should  be  used  with  caution  or  avoided.  Pulmonary  tuberculosis,  except 
in  the  very  massive,  advanced  forms,  does  not  contra-indicate  spinal  anaes- 
thesia, which  has  the  advantage  of  not  acting  unfavorably  upon  the  lungs. 
In  acute  respiratory  infection  it  is  also  often  the  method  of  choice.  In 
renal  disease,  except  in  those  cases  associated  with  advanced  forms  of 
myocardial  degeneration  or  extreme  debility  or  exhaustion,  it  may  be  used 
with  great  advantage.  It  is  perhaps  the  safest  anaesthetic  in  diabetes. 
While  it  is  efficient  despite  the  presence  of  tabes  dorsalis,  it  should  be 
remembered  that  the  later  progress  of  the  disease  may  be  laid  to  the 
injection.  Neurotic  patients  have  a  tendency  to  ascribe  any  later  pain 
that  they  may  have,  particularly  about  the  back  or  head  or  legs,  to  the 
intradural  injection,  and  it  is  to  be  recalled  that  there  is  a  large  percentage 
of  postoperative  backaches  in  the  clientele  of  most  gynaecologists. 

TECHNIQUE 

As  has  been  indicated,  the  nerve  segments  influenced  in  spinal  anaes- 
thesia vary  according  to  the  interspace  selected  for  the  injection,  the 
posture  of  the  patient,  the  specific  gravity  and  strength  of  the  solution 
employed,  and  the  rapidity  of  the  injection.  As  a  rule,  the  higher  the 
point  of  injection,  the  greater  the  effect  produced. 

High  spinal  anaesthesia  refers  to  analgesia  of  segments  above  the 
level  of  the  diaphragm.    One  may  produce  an  effect  on  the  higher  spinal 


148  SPINAL  ANAESTHESIA 

s^ments  after  withdrawing  from  5  to  20  ccm.  of  cerebrospinal  fluid,  by 
introducing  through  a  lower  interspace  an  equally  large  bulk  of  the 
dilute  anaesthetic  solution.  The  cerebrospinal  fluid  withdrawn  may  be 
used  to  dissolve  the  drug.  A  second  method  is  to  introduce  a  solution 
made  heavy  by  the  addition  of  glucose,  dextrin,  milk-sugar,  or  other  sub- 
stance, and  by  a  postural  manipulation  to  confine  the  anesthetic  to  the 
vicinity  of  the  nerve  roots  that  it  is  desired  to  influence.  Thus,  Barker 
injects  a  5  per  cent  solution  of  stovaine  in  a  5  per  cent  solution  of  glucose 
with  the  patient  on  the  side,  the  shoulders  and  hips  being  slightly  elevated 
(Fig.  27).     The  patient  is  then  cautiously  rolled  on  the  back,  the  eleva- 


FiG.  27,    Lateral  Position  for  Pumcture  for  High  Analgesia. 

tion  of  the  shoulders  and  hips  being  maintained  by  suitable  pads  or 
boards  (Fig.  28).  The  most  dependent  nerve  roots  in  the  lower  dorsal 
region  are  thus  chiefly  bathed  by  the  anaesthetic.  A  third  method  we 
have  employed  is  to  inject  a  solution  lighter  than  cerebrospinal  fluid 
(solution  A),  -with  the  patient  in  the  sitting  posture.  The  solution 
ascends  with  an  approximate  speed  of  10  cm.  a  minute,  and  at  the  end  of 
the  calculated  time  (one  to  three  minutes"),  the  patient's  shoulders  are 
quickly  lowered  below  the  level  of  the  hips.  Injections  through  the 
u])pcr  interspaces  have  been  advocated  by  Jonnesco.  By  making  the 
injection  through  the  seventh  cervical  interspace  one  can  produce  anal- 
gesia in  the  area  supplied  by  the  cranial  and  cervical  nerves,  and  operate 
upon  the  head,  neck  or  upi)er  thorax.  For  the  high  injection  it  is  neces- 
sary to  reduce  the  dosage  about  one-half  and  as  a  result  the  duration  of 
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the  analgesia  is  only  about  ten  or  twenty  minutes;  during  this  time, 
despite  the  small  dose,  the  patients  usually  are  in  shock  and  not  infre- 
quently develop  respiratory  or  cardiac  failure.  Until  a  drug  is  found 
that  will  act  upon  the  sensory  nerve  roots,  but  not  on  the  motor  nerve 
roots,  high  spinal  anassthesia  is  too  dangerous  ever  to  be  employed. 

The  method  we  prefer  for  subarachnoid  anaesthesia  is  to  use  a  solu- 
tion distinctly  lighter  than  that  of  the  cerebrospinal  fluid.  Although  the 
cerebrospinal  fluid  has  a  relatively  constant  specific  gravity  ranging  almost 
invariably  between  1.0055  ^nd  1.0065,  't  is  impracticable  to  use  an  anres- 


Fic.  28.     Patient  Rolled  Over  on  Back  after  the  Injection, 

thetic  solution  that  will  so  closely  approximate  its  specific  gravity  as  to 
remain  at  one  level  after  its  introduction  into  the  spinal  canal.  The 
slightest  variation  in  the  specific  gravity  will  cause  the  solution  to  rise 
or  fall;  so  it  is  desirable  to  use  a  solution  known  to  be  either  heavier  or 
lighter  than  that  of  the  cerebrospinal  fluid.  The  light  solution  lends  itself 
to  the  use  of  the  Trendelenburg  position,  or  to  lowering  the  head  when 
marked  circulatory  depression  occurs. 

After  the  injection  the  patient  is  instantly  laid  upon  the  operating  table 
with  the  shoulders  about  two  inches  lower  than  the  hips.  Great  care  is 
taken  that  the  shoulders  are  not  raised  for  one  hour  after  the  injection. 
After  the  use  of  the  heavy  solution  the  raising  of  the  hips  for  the  applica- 
tion of  a  bandage  has  been  followed  by  the  sudden  cessation  of  respiration 
and  circulation ;  and  elevation  of  the  head  and  shoulders  after  the  injection 
of  the  light  solution  has  been  followed  by  syncope ;  so  great  care  should 
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be  taken  to  place  the  patient  in  the  proper  position  immediately  after 
the  injection,  and  to  maintain  this  position  until  the  effects  of  the  drug 
have  worn  off.  The  patient  should  not  be  shaken  or  moved  to  any  de- 
gree after  the  injection.  In  a  recorded  case  a  debilitated  patient  was 
given  the  injection,'  wheeled  to  the  elevator,  and  taken  up  three  stories, 
when  he  collapsed  and  died  as  he  was  being  taken  from  the  elevator  to 
the  operating  room.  The  injection  should  be  given  in  the  operating 
theater,  on  the  operating  table,  and  the  patient  should  be  as  carefully 
watched  as  though  he  were  under  chloroform.  It  is  obvious  that  a 
patient  who  cannot  safely  be  placed  in  the  position  required  by  spinal 
anaesthesia,  should  not  be  given  the  injection.  Patients  who  cannot 
breathe  with  the  head  low  should  not  be  operated  upon  under  spinal 
anaesthesia. 

The  following  solutions  are  satisfactory  for  spinal  anaesthesia: 


Light  solutions ;  specific  gravity,  0.992. 

A. 

Stovaine 

0.08  gm. 

Lactic  acid 

0.04  ccm. 

Absolute  alcohol 

0.2     ccm. 

Distilled  water 

1.8     ccm. 

B. 

Tropacocaine 

0. 1     gm. 

Absolute  alcohol 

0.2     ccm. 

Distilled  water 

1.8     ccm. 

C. 

Procaine  (novocaine) 

0.16  gm. 

Absolute  alcohol 

0.2     ccm. 

Distilled  water 

1.8    ccm. 

Heavy  solution ;  specific  gravity,  1.020. 

D. 

Stovaine 

0.08  gm. 

Lactic  acid 

0.04  ccm. 

Milk-sugar 

o.io  gm. 

Distilled  water  to  make 

2.0     ccm. 

These  solutions  are  conveniently  kept  in  ampoules,  each  containing 
2  ccm.  of  solution.  They  should  be  prepared  under  aseptic  precautions 
and  sterilized  by  the  intermittent  method  and  at  a  temperature  of  65**  C. 
(149**  F.).  The  dose  of  each  solution  for  the  adult  is  1-1.5  ccm.;  the 
larger  dose  is  employed  only  for  robust  adults.  Of  these  solutions  that 
of  stovaine  is  the  most  powerful  anaesthetic  and  motor  paralyzant,  the 
most  toxic,  most  actively  haemolytic,  and  the  strongest  protoplasmic 
poison.  If  not  acidulated  it  is  precipitated  by  the  alkaline  cerebrospinal 
fluid.  It  gives  excellent  anaesthesia  and  for  some  years  we  have  only 
used  solution  "A."  Tropacocaine  is  slightly  less  active  as  an  anaesthetic, 
and  the  solutions  we  have  obtained  have  not  been  so  uniform  as  the 
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solution  of  stovaine.  Ampoules  supplied  by  various  firms  at  times 
show  variation  in  analgesic  power  and  in  toxic  action  due  to  deviation 
from  the  printed  formula,  to  imperfect  sterility,  to  by-products  not  elim- 
inated in  the  manufacture,  or  produced  as  a  result  of  the  decomposing 
effects  of  heat.  Bacteria  have  been  found  in  ampoules  supplied  by  a 
German  firm,  and  two  consignments  we  received  from  England  containing 
dextrin  showed  a  heavy  fungous  growth.  Novocaine  is  much  weaker 
than  stovaine,  but  is  not  precipitated  by  cerebrospinal  fluid,  and  even  in 
a  10  per  cent  solution  is  not  actively  haemolytic.  The  clinical  efficiency 
and  clinical  toxicity  of  novocaine  within  the  dura  we  estimate  as  about 
one-half  that  of  stovaine.  The  loss  of  tactile  and  thermic  sense  is  less 
under  novocaine.  Solution  "D**  is  to  be  used  in  the  rare  instances  in 
which  it  is  desired  to  keep  the  head  elevated  during  the  operation.  Solu- 
tions extemporized  from  powders  or  tablets  should  be  abandoned  from 
fear  of  infection.  The  only  death  from  septic  meningitis  following  the 
intradural  injection,  of  which  we  have  knowledge,  occurred  after  the 
use  of  a  commercial  tablet. 

Dosage.  The  dose  for  an  adult  of  each  of  the  solutions  mentioned 
is  I  -  1.5  ccm.  (15-24  minims,  or  0.04-0.06  gm.  stovaine),  the  larger 
amount  being  used  only  in  the  robust.  Children  will  stand  relatively 
large  doses;  thus,  0.015  gm.  (1/4  grain)  of  stovaine  may  be  given  in 
the  new-bom;  0.03  gm.  (1/2  grain)  to  a  child  of  five  years  of  average 
size  and  robustness;  and  0.04  gm.  (2/3  grain)  to  a  child  of  ten. 

Site  of  injection.  It  is  best  to  make  the  injection  approximately 
opposite  the  nerve  roots  supplying  the  field  of  operation.  From  the 
point  of  injection  the  anaesthetic  effect  diffuses  upward  and  downward 
w^ith  diminishing  intensity,  and  recedes  after  reaching  its  greatest  am- 
plitude, disappearing  last  from  the  nerve  roots  first  influenced.  The 
most  complete  and  most  prolonged  analgesia,  therefore,  will  be  found 
in  the  nerve  roots  opposite  the  point  of  injection.  For  operations  upon 
the  upper  abdomen  the  eleventh  or  twelfth  dorsal  interspace  should 
be  selected ;  for  lower  abdominal  operations  the  first  dorsal  interspace ; 
for  operations  upon  the  thigh  or  inguinal  region  the  first  or  second  lum- 
bar interspace ;  for  operations  upon  the  legs  the  second  lumbar  interspace ; 
while  for  operations  upon  the  external  genitals,  perineum,  and  anus,  the 
third  or  fourth  lumbar  interspace  is  to  be  preferred.  The  higher  in- 
jections, from  their  intense  influence  upon  the  respiration  and  upon  blood 
pressure,  are  much  more  dangerous  than  the  lower  and  should  not  be 
generally  employed. 

Apparatus.  The  success  of  spinal  anaesthesia  depends  in  no  little 
degree  upon  the  selection  of  the  syringe  and  needle.  A  carefully  ground 
glass  syringe  of  the  Luer  type  of  2  ccm.  capacity,  graduated  to  0,1  ccm., 


SPINAL  ANESTHESIA 


Fig.  29.     (Sec  legend  on  opposite  page.) 
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is  preferred  (Fig  29).  This  syringe  is  light  and,  if  properly  made, 
the  piston  fits  loosely  enough  to  be  forced  out  by  the  pressure  of  the 
intradural  fluid,  important  evidence  that  the  needle  has  properly  entered 
the  subarachnoid  space.  The  Record  syringe  is  too  heavy,  and  has  a 
piston  moving  only  under  too  great  a  pressure.  For  delicacy  of  manipula- 
tion the  needle  should  likewise  be  small  and  light,  preferably  of  iridio- 
platinum,  7  cm.  long  and  i  ~  i.  5  mm.  in  diameter.  The  point  should  be 
sharp,  but  very  oblique  and  hollow  ground,  so  that  the  length  of  the 
beveled  portion  is  not  over  2  mm.  The  needle  should  be  provided  with  a 
well-fitted  stylet  or  mandrin,  that  the  needle  point  may  not  become  clogged 
by  tissue  during  the  introduction;  and  the  needle  should  fit  the  syringe 
accurately  by  a  slip  and  not  a  screw  joint.  Needles  made  of  the  harder 
alloys  of  gold  or  nickel  are  practicable,  but  they  lack  the  rigidity  and 
the  temper  possessed  by  the  platinum  alloy.  Steel  needles  have  so  fre- 
quently broken  during  or  after  the  introduction  that  they  should  be 
avoided.  If  the  needle  is  too  large,  secondary  leakage  of  cerebrospinal 
fluid  and  of  the  anaesthetic,  with  imperfect  anaesthesia  and  secondary 
headache,  may  occur;  if  the  needle  is  too  small  it  is  more  difficult  to 
guide  it  correctly  and  to  introduce  the  solution  properly.  A  needle  out 
of  balance,  from  a  large  and  heavy  head,  impairs  the  operator's  ability 
to  discern  the  different  structures  traversed  by  the  needle  point  (Fig.  29). 
Technique  of  injection.  The  syringe,  needle,  and  stylet  should 
be  wrapped  in  clean  gauze  and  boiled  in  distilled  water,  free  from  alkali, 
for  fifteen  minutes  just  before  using.  They  should  never  be  boiled  with 
other  instruments,  as  the  addition  of  alkali  or  other  contamination  may 
decompose  the  anaesthetic  drug  or  give  rise  to  meningeal  irritation. 
Without  being  removed  from  the  container,  or  the  hot  solution,  the 
apparatus  should  be  brought  to  the  operator  just  before  the  injection, 
and  to  limit  the  responsibility  for  any  possible  infection,  only  the  opera- 
tor should  handle  the  syringe.  The  hot  syringe  not  only  ensures  sterility 
but  also  serves  to  warm  the  anaesthetic  solution  to  about  the  temperature 
of  the  body.  The  ampoule,  which  is  not  touched  by  the  operator,  is 
opened  just  before  use  and  so  held  or  placed  that  the  operator  may  asep- 
tically  withdraw  the  solution  into  the  syringe.    The  operator  accurately 

Fig.  29.  Instruments  for  Use  in  Spinal  ANiESTHEsiA.  a,  Glass  Luer  syr- 
inge, which  is  preferred  to  the  Record  syringe,  g.  b,  c,  d,  e,  f.  Various  spinal 
needles.  The  lighter  and  more  delicate  needle  of  iridio-platinum,  e,  is  preferred 
to  the  heavier  Bier  needle,  b,  or  needles  out  of  balance  by  reason  of  heavy  heads, 
as  d  or  /.  Needles  with  notched  heads,  c,  frequently  leak;  h,  is  a  proper,  i,  an 
improper  needle  point.  /,  Case  containing  spinal  anaesthesia  outfit  including  am- 
poules of  stovaine,  epinephrin,  pituitrin,  and  of  strychnine  with  caffein  and  sodium 
benzoate. 
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Fig.  31a.    Relation  of  the  Sfinal  Nekve  Roots  and  the  Verteuils. 
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measures  the  quantity  of  solution  to  be  employed,  expelling  the  excess 
and  any  air  bubbles  from  the  syringe.  The  interspace  through  which  it 
is  desired  to  inject  is  located  by  stretching  a  sterile  towel  across  die  iliac 
crests,  giving  the  line  of  the  fourth  lumbar  spine  or  interspace.     Having 


Fig.  31b.     Direction  for  Inserting  the  Needle  in  the  Various  Reigions  of 
THE  Spine. 

located  the  fourth  lumbar  spine  the  operator  counts  up  to  the  interspace 
desired  {Fig.  30).  For  a  lumbar  injection,  the  needle  containing  the 
stylet,  should  be  inserted  close  to  the  midline  at  about  the  vertical  center 
of  the  interspace  at  right  angles  to  the  body  surface,  and  should  be  carried 
directly  forward  until  it  is  felt  in  the  grasp  of  the  dense  interspinous  liga- 
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ment.  If  only  soft  non-resistant  tissue  is  encountered,  the  needle  has 
probably  deviated  to  the  side,  and  should  be  withdrawn  and  re-introduced. 
Having  entered  the  interspinous  ligament  the  stylet  is  withdrawn  and  the 
needle  cautiously  pushed  forward  with  short  quick  strokes  a  few  milli- 
meters at  a  time.  A  loss  of  resistance  noticed  as  the  needle  point  leaves 
the  interspinous  ligament  and  enters  the  loose  areolar  tissue  outside  the 
dura,  warns  the  operator.     A  slight  resistance  and  a  snap,  sometimes 


Fig.  33a.  Introduction  of  the  Needle.  The  patient's  back  should  be 
arched  rather  than  tilted  forward,  the  needle  should  be  lightly  grasped,  being  sup- 
ported and  guided  by  the  left  hand  as  it  ts  introdticed  by  the  right. 

audible,  indicate  that  the  tense  dura  has  been  pimctured.  The  success  of 
the  introduction  is  shown  by  the  free  flow  of  the  cerebrospinal  fluid  from 
the  needle.  With  the  penetration  of  the  dura  the  needle  is  partially 
rotated  to  make  sure  that  the  point  is  entirely  through  the  membrane,  and 
if  the  cerebrospinal  fluid  does  not  flow  freely,  the  needle  is  again  cautiously 
rotated  or  slightly  moved.  At  times  it  is  necessary  to  re-introduce  the 
stylet  and  cautiously  aspirate,  or  to  seek  another  interspace;  the  latter  is 
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the  better  plan  where  there  is  much  difficulty.  If  the  needle  enters  directly 
in  the  median  hne,  a  few  drops  of  blood  may  flow  from  puncture  of 
the  median  extradural  vein  (Fig.  33);  this  slight  hemorrhage  usually 
is  harmless,  and  the  blood  is  usually  quickly  followed  by  cerebrospinal 
fluid.  Carefully  supporting  the  needle  (Fig.  32a)  and  with  as  little 
loss  of  cerebrospinal  fluid  as  possible,  one  immediately  affixes  the  syringe 


Fic.  32b.  The  Spinal  Injection.  The  needle  is  carefully  supported  to 
prevent  displacement  during  the  injection,  and  the  solution  injected  intermittently 
with  repeated  partial  withdrawals  of  the  piston  to  obtain  sufficient  admixture  with 
the  cerebrospinal  fluid. 

and  withdraws  the  piston  a  short  distance,  permitting  cerebrospinal  fluid 
to  mix  with  the  anicsthetic  solution,  and  proving  that  the  needle  point 
is  in  proper  position.  Unless  the  cerebrospinal  fluid  flows  freely,  the 
injection  should  not  be  given.  To  ensure  thorough  difl!'usion  a  part  of  the 
mixture  is  injected,  a  little  more  cerebrospinal  fluid  withdrawn  into  the 
syringe,  and  this  process  is  repeated  two  or  three  times  until  the  syringe 
is  empty.  Although  these  manipulations  should  be  gentle  and  not  too 
rapid,  not  over  15  seconds  should  be  consumed  in  giving  the  injection. 
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The  needle  is  now  quickly  withdrawn  and  the  patient  immediately  placed 
in  position  upon  the  table.  If  the  light  solution  has  been  used,  the  patient's 
shoulders  are  at  once  lowered  at  least  two  inches  below  the  level  of  the 
hips;  while  if  the  heavy  solution  has  been  employed,  the  head  and  shoul- 
ders must  be  kept  elevated.  With  a  sharp  needle  the  procedure  causes 
little  pain,  and  no  local  anassthetic  is  required.  The  small  needle  puncture, 
apart  from  being  covered  by  a  sterile  towel,  requires  no  dressing  or 
other  protection. 


Fig.  32c.  Proper  Shape  (Upper)  and  Improper  Shape  (Lower)  of 
Needles  for  Use  in  Spinal  Anesthesia,  The  latter  needle  point  endangers  the 
cord  and  permits  extradural  leakage  of  the  anaesthetic. 

A  final  preparation  of  the  operative  field  is  now  made,  and  the  opera- 
tion started  without  further  delay.  Analgesia  is  determined  by  watching 
the  face  while  the  skin  is  pinched,  or  by  noticing  the  relaxation  of  the 
rectus  abdominus,  or  the  anal  sphincter.  In  case  of  doubt  the  patient 
is  asked  to  raise  the  leg  from  the  table  without  bending  the  knee;  this  he 
should  be  unable  to  do.  On  account  of  its  bad  psychic  influence,  the 
patient  should  never  be  asked  if  he  has  pain.  If  at  the  end  of  six  min- 
utes no  analgesia  is  present,  one  may  repeat  the  injection,  using  an 
equally  large  dose  of  the  drug  and  selecting  tlie  same,  or  perhaps  better, 
an  adjacent  interspace. 
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Failure  to  obtain  anaesthesia.  In  from  2  to  4  per  cent  of  the 
patients,  even  with  a  skilled  technique,  no  analgesia  is  found  after  the 
injection.    This  may  be  explained  in  one  of  the  following  ways : 

1.  Failure  to  enter  the  spinal  canal.  Very  rarely,  bony  deformity, 
especially  that  following  Pott's  disease,  prevents  the  introduction  of 
the  needle.  An  absolute  bony  impediment  is  very  rare.  In  about  ten 
thousand  injections  for  spinal  anaesthesia,  we  know  of  one  case,  a  ky- 
photic dwarf  from  Pott's  disease,  in  which  repeated  attempts  to  introduce 
the  needle  failed.  The  inexperienced  surgeon  may,  however,  frequently 
have  trouble  through  failure  carefully  to  follow  out  the  directions  given. 
Usually  the  needle  is  not  entered  sufficiently  close  to  the  center  of  the 
interspace  and  is  pointed  up  or  down,  or  is  bent  or  diverted  in  the  intro- 
duction ;  or  the  patient  is  not  held  in  a  proper  position.  Occasionally 
the  patient  is  rigid,  or  the  laminae  overlap  so  that  an  adjacent  inter- 
space from  the  one  selected  has  to  be  substituted. 

2.  Failure  to  enter  the  cavity  of  the  arachnoid  is  determined,  first, 
by  the  absence  of  the  sensation  imparted  as  the  needle  point  penetrates 
the  dura,  and  second,  by  the  failure  to  obtain  a  free  flow  of  cerebro- 
spinal fluid  from  the  needle.  A  partial  penetration  of  the  dura,  due  to 
failure  to  rotate  the  needle,  or  the  presence  of  an  extradural  oedema  or 
leakage  of  cerebrospinal  fluid  after  a  previous  injection,  may  cause  the 
operator  to  obtain  free  fluid  from  without  the  dura  and  to  think  that  he 
has  made  the  injection  properly.  The  small  amount  of  solution  used  for 
spinal  anaesthesia  will  not  give  analgesia  when  injected  without  the  dura, 
and  for  this  reason  the  injection  should  never  be  given  unless  cerebro- 
spinal fluid  is  running  freely  from  the  needle. 

3.  A  needle  too  large  or  too  small  will  not  give  as  good  results  as 
a  needle  i  -  1.5  mm.  in  diameter.  The  large  needle  permits  leakage  of 
cerebrospinal  fluid  from  the  dura  with  possible  loss  of  some  of  the  anaes- 
thetic, while  with  a  small  needle  it  is  more  difficult  to  obtain  a  satisfactory 
admixture  with  the  cerebrospinal  fluid. 

4.  Too  rapid  an  injection  without  sufficient  diffusion  may  explain 
an  imperfect  anaesthesia. 

5.  Insufficient  dosage,  or,  much  more  frequently,  the  introduction 
of  the  needle  through  too  low  or  too  high  an  interspace,  is  often  re- 
sponsible for  failure  to  obtain  analgesia  in  the  segments  of  the  operative 
field. 

6.  A  tumor  or  an  inflammatory  mass  filling  the  spinal  canal,  pre- 
venting the  entrance  of  the  needle  into  free  spinal  fluid  and  the  diffusion 
of  the  anaesthetic  to  the  desired  nerve  roots,  is  an  exceedingly  rare  cause 
of  lack  of  analgesia. 

7.  Deflecting  membranes  or  bands  within  the  dura  preventing  uni- 
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form  diffusion  of  the  drug  may  be  responsible  for  poor  analgesia.  In  a 
small  percentage  of  the  cases  we  have  found  it  necessary  to  give  two  or 
three  injections  before  obtaining  analgesia. 


Fig.  33.  Transverse  Section  of  Spinal  Camal.  Showing  structures  tra- 
versed, including  central  posterior  vein,  which  lies  in  the  midline,  and  is  frequently 
punctured. 

Danger  signals  in  spinal  anaesthesia,  i.  Gulping  and  nausea 
precede  a  fall  in  blood  pressure  and  are  due  to  cerebral  anaemia.  Lower 
the  head  and  chest.    Given  one  ampoule  of  pituitrin  hypodermically. 

2.  Cyanosis  and  a  slow  shallow  respiration  are  ominous.  Ad- 
minister subcutaneously  strychnine,  gr,  1/15,  caffeine,  grs,  5.    Use  arti- 
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ficial  respiration  by  rhythmic  compression  of  lower  thorax,  or  forced 
insufflation.  If  this  fails  prepare  for  tracheotomy  and  give  epinephrin 
intravenously  until  the  condition  improves. 

3.  Regurgitant  vomiting  may  drown  the  patient.  Turn  the  head  to 
one  side;  prepare  for  tracheotomy.  In  cases  of  intestinal  obstruction, 
with  regurgitant  or  stercoraceous  vomiting,  operation  should  be  preceded 
by  careful  gastric  lavage. 

4.  Cessation  of  heart  action  is  always  fatal  if  it  persists  over  seven 
minutes.  It  may  be  anticipated  by  (a)  pituitrin,  subcutaneously  or  intra- 
venously immediately  before  operation;  (b)  epinephrin,  10  minims  of 
1 :  1000  solution.  Prepare  the  arm  for  transfusion,  or  if  the  patient  is  in 
very  bad  condition,  tie  a  needle  in  the  median  basilic  vein  under  local 
anaesthetic  before  the  spinal  injection  is  given.  Connect  the  needle  with  a 
tube  and  funnel  filled  with  physiologic  salt  solution,  or  Ringer's  solution. 
Drop  adrenalin  into  the  funnel  and  permit  the  solution  to  enter  the  vein 
from  time  to  time  as  may  be  required  to  maintain  a  slight  pulse  at  wrist. 
When  the  heart  stops  rhythmically  percuss  or  compress  the  chest  in 
the  region  of  the  pericardium,  and  increase  the  adrenalin  transfusion;  or 
pass  the  left  hand  through  an  abdominal  incision  under  the  diaphragm, 
place  the  right  hand  on  the  precordia  and  compress  the  heart  40-60  times 
per  minute  with  a  slow  complete  compression  followed  by  a  quick  release 
until  the  muscle  responds.  This  should  not  fail  if  one's  technique  is  good 
and  adrenalin  enters  the  coronary  arteries.  The  heart  may  be  massaged 
by  a  finger  introduced  through  a  stab  wound  four  centimeters  to  the  left 
of  the  sternal  border  in  the  fourth  interspace.  The  adrenalin  is  effective 
only  when  it  enters  the  coronaries;  hence,  if  the  heart  has  stopped,  the 
cardiac  massage  must  be  used  to  enable  the  adrenalin  solution  to  pass 
through  the  heart. 

The  patient's  life  often  depends  upon  the  promptness  and  intelligence 
of  the  observer.  Anticipate  danger  by  giving  the  proper  treatment  early, 
and  by  being  ready  for  eventualities.  For  weak  or  obese  patients  use  a 
cotton  indicator  on  the  nose,  and  watch  the  pulse  constantly.  Hypo- 
dermics are  of  use  only  when  given  before  the  circulation  fails.  Have 
an  arm  prepared  for  transfusion  and  all  instruments  close  at  hand  for  the 
hypotonic  patient.  Be  sure  the  transfusion  needle  is  not  clogged,  and  that 
it  is  in  the  vein  and  not  in  the  tissues,  that  the  rubber  tubing  is  not  brittle, 
and  that  all  connections  are  airtight.  Do  not  hesitate  to  expose  the  vein 
freely  in  an  emergency.  Use  sufficient  but  not  too  much  epinephrin ;  in  one 
patient  2  minims  of  the  diluted  i  :iooo  solution  may  be  excessive,  in 
another  100  minims  hardly  sufficient.  Stop  the  injection  as  soon  as  the 
pulse  returns  to  the  wrist  in  order  to  prevent  undue  circulatory  strain, 
and  resume  the  transfusion  as  soon  as  the  pulse  fails. 
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Fig.  34a-  Fig.  34b. 

Fig  34a,  Spinal  Segments,  Anterior  View,  Spinal  anesthesia  is  a  nerve 
root  anaesthesia  in  which  sensory  and  motor  conduction  are  abolished  in  the  seg- 
ments affected.  Incomplete  anesthesia  usually  shows  a  segmental  distribution, 
and  is  a  result  of  technical  error. 

Fig.  34b.    Spinal  Segments,  Posterior  View, 
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CARE  OF  PATIENTS  AFTER  OPERATION 

The  most  frequent  postanaesthetic  symptom  is  headache,  chiefly 
noticed  in  the  occipital  region  and  vertex,  and  increased  by  elevating 
the  head.  When  intense  this  is  associated  with  some  rigidity  of  the 
posterior  muscles  of  the  neck,  and  backache.  It  may  arise  from  leakage 
of  the  cerebrospinal  fluid  as  after  a  simple  lumbar  puncture,  especially 
when  a  large  needle  has  been  employed,  or  be  due  to  some  irritating  sub- 
stance in  the  anaesthetic  solution.  The  average  duration  is  from  three 
to  eight  days.  The  cephalgia  may  be  treated  by  the  usual  coal  tar  seda- 
tives, with  or  without  caffeine,  and  by  lowering  the  head  and  shoulders. 
Headache  should  be  less  common  after  spinal  anaesthesia  than  after  ether, 
and  if  more  than  lo  per  cent  of  the  patients  have  this  symptom  the 
solution  used  should  be  discarded,  and  the  technique  of  administration 
carefully  reviewed.  Secondary  lumbar  puncture  in  these  cases  t>hows  a 
clear  fluid,  usually  with  low  cell  count,  and  as  a  rule  does  not  relieve 
the  symptom,  which  gradually  subsides  spontaneously. 

Paralysis  of  the  external  rectus  may  occur  after  the  intradural  in- 
jection of  any  local  anaesthetic;  usually  it  is  unilateral,  although  at  times 
bilateral,  and  is  probably  an  infection  due  to  the  presence  of  bacteria  in 
the  dural  sac.  After  an  incubation  period  of  about  seven  days,  during 
which  time  there  is  usually  intense  headache  and  backache,  the  patient 
suddenly  develops  a  strabismus  which,  after  lasting  from  a  few  days  to 
six  weeks,  usually  spontaneously  disappears.  The  condition  is  probably 
due  to  an  effect  upon  the  nucleus  in  the  fourth  ventricle.  The  uniform 
incubation  period,  the  associated  evidence  of  meningeal  irritation,  the 
limited  course,  and  the  rarity  of  the  condition  after  the  injection  of 
alcoholized  solutions  indicate  the  bacterial  character  of  the  paralysis.  In 
our  first  three  thousand  injections,  in  which  various  drugs  were  used, 
there  were  six  cases  of  abducens  palsy.  During  this  time  imported  solu- 
tions were  largely  employed,  some  of  which  were  of  questionable  sterility. 
With  the  adoption  of  pasteurized  and  alcoholized  solutions  we  have 
seen  no  additional  case  in  about  seven  thousand  injections. 

Delayed  secondary  symptoms  after  spinal  injection  should  imme- 
diately be  studied  by  a  competent  neurologist,  as  an  apprehensive  patient 
or  his  friends  or  an  unwise  medical  consultant  may  ascribe  any  post- 
operative symptom  to  the  unusual  anaesthetic  used,  and  it  is  very  important 
positively  to  determine  the  truth  in  every  case.  Almost  invariably  later 
secondary  symptoms  ascribed  to  spinal  anaesthesia  prove  to  be  independent 
lesions  or  the  result  of  hysteria  or  a  neurosis. 

Other  conditions  that  have  been  reported  from  spinal  anaesthesia, 
but  that  are  so  rare  that  they  only  require  mention,  are  bulbar  symptoms, 


CARE  OF  PATIENTS  AFTER  OPERATION  165 

such  as  cold  sweats,  vomiting,  syncope,  and  labyrinthine  disturbances  with 
deafness.  Renal  and  hepatic  insufficiency  have  been  ascribed  to  spinal 
anaesthesia,  but  have  probably  been  the  result  of  associated  disease. 
Metastatic  tuberculous  meningitis  has  been  ascribed  to  the  injection.  In 
one  case  several  weeks  after  the  resection  of  a  tuberculous  knee-joint 
the  patient  developed  tuberculous  meningitis.  We  considered  this  coinci- 
dental. In  kyphoscoliosis  and  Pott's  disease  we  have  not  hesitated  to 
make  the  injection;  it  is  important,  however,  that  the  needle  should  not 
pass  through  tuberculous  areas. 

General  directions  for  the  care  of  patients.  As  the  safety  of 
the  patient,  after  the  injection,  rests  largely  with  the  assistants  and  nurses, 
it  is  wise  to  post  directions  like  the  following  in  the  operating  room : 

1.  For  robust  patients  between  20  and  65  years  of  age,  a  hypodermic  of  1/6 
gr.  of  morphine  and  i  /lOO  gr.  of  hyoscin  hydrobromide  is  to  be  given  75  minutes 
before  operation,  and,  in  certain  cases,  repeated  45  minutes  before  operation. 

2.  For  septic,  shocked,  or  asthenic  patients,  preliminary  narcotism  should 
not  be  employed.  It  should  be  avoided  in  children  and  the  aged,  while  for 
robust  nervous  patients  it  may  be  repeated. 

3.  The  back  is  prepared  before  the  patient  enters  the  operating  room,  by  shav- 
ing, washing,  drying,  and  painting  with  2.5  per  cent  tincture  of  iodine. 

4.  Before  a  nervous  patient  enters  the  operating  room,  the  eyes  may  be  ban- 
daged and  cotton  placed  in  the  ears.  Many  patients  have  less  fear  if  they  have 
some  knowledge  of  what  is  going  on. 

5.  The  patient  is  made  to  sit  upon  the  side  of  the  operating  table,  well  back 
from  the  edge,  with  his  elbows  evenly  at  his  sides,  and  the  forearms  crossed  in 
front  of  the  abdomen.  The  patient's  back  is  again  painted  with  tincture  of 
iodine.  The  head  is  tilted  forward  until  the  chin  touches  the  chest.  An  assist- 
ant stands  on  a  low  stool  facing,  and  slightly  to  the  left  of  the  patient,  whose  hands 
he  holds  in  his  right  hand  while  his  left  arm  passes  back  of  the  patient's  neck 
and  his  fist  presses  against  the  patient's  epigastrium  (Fig.  32a). 

6.  The  spinal  syringe,  with  the  piston  separated,  and  the  needle  containing 
the  stylet  are  brought  to  the  operating  table  in  boiling  water  immediately 
before  the  injection  is  to  be  given.  To  reduce  the  chance  of  infection,  no  one  but 
the  gloved  operator  touches  the  syringe  or  needle.  The  spinal  outfit  should  never 
be  boiled  with  the  other  instruments. 

7.  An  assistant  removes  an  ampoule  of  stovaine  from  alcohol,  in  which  it  has 
been  submerged,  and  touching  it  only  with  a  sterile  gauze  sponge,  dries  the  surface, 
breaks  open  the  ampoule,  and  holds  it  in  a  convenient  position  for  the  surgeon  to 
withdraw  the  contents. 

8.  During  the  injection  the  patient  is  firmly  held  to  prevent  any  sudden 
movement.  The  puncture  of  the  skin  is  made  quickly,  after  warning  the  patient, 
and  if  the  patient  jerks,  the  needle  is  left  in  place,  the  patient  is  reassured,  and 
the  introduction  then  cautiously  resumed. 

9.  The  instant  the  needle  is  withdrawn  from  the  patient's  back,  the  patient 
is  placed  in  position  for  operation  upon  the  table,  and  the  table  quickly  tilted  so 
as  to  lower  the  shoulders  two  inches  below  the  level  of  the  hips. 
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10.  The  patient's  hands  are  held  during  the  operation  so  that  they  cannot  by 
any  sudden  movement  invade  the  field  of  operation.  A  towel  or  sheet  is  so 
arranged  that  the  patient  cannot  cough,  sneeze,  or  vomit  over  the  sterile  area. 

11.  The  pulse,  respiration,  and  color  are  to  be  as  carefully  observed  as  if  ether 
were  being  given — the  respiration  by  a  wisp  of  cotton  affixed  to  the  tip  of  the 
patient's  nose.  If  the  patient  is  awake,  conversation  to  divert  and  encourage  the 
patient  should  be  carried  on  in  a  low  tone.  The  patient  is  not  to  be  informed  as 
to  the  commencement  of  the  operation,  nor  should  he  be  asked  as  to  his  sensation 
of  pain.  If  possible,  the  thought  of  pain,  fear,  or  danger,  should  not  be  suggested 
by  the  conversation  of  bystanders.  If  not  contradicted  by  the  operation,  the 
patient  may  be  entertained  by  bits  of  cracked  ice,  sips  of  water,  or  the  privilege  of 
smoking.  The  very  apprehensive  patient  may  be  diverted  by  inhaling  aromatic 
spirits  of  ammonia,  or  a  little  ether. 

12.  The  danger  signs  are  marked  fall  in  blood  pressure,  cyanosis,  or  respira- 
tory depression.  The  premonitory  sign  is  nausea  or  slight  gagging.  At  this  sign 
the  table  is  to  be  further  tilted  in  order  to  lower  the  patient's  head  and  a  stimu- 
lating ampoule,  containing  5  grs.  of  caffeine  and  1/15  gr.  of  strychnine  sulphate, 
is  to  be  immediately  injected  into  the  thigh.  Weak  patients  should  be  given 
an  ampoule  of  pituitrin  hypodermatically  immediately  after  the  spinal  injection. 

13.  The  danger  period  of  spinal  anaesthesia  is  from  five  to  thirty  minutes 
after  the  injection. 

14.  After  operation  the  patient's  shoulders  should  not  be  raised  until  one 
hour  has  elapsed  from  the  time  of  the  injection.  During  this  time  the  patient 
should  not  be  shaken  or  roughly  handled.    No  special  after-treatment  is  necessary. 

15.  A  funnel  and  six  feet  of  rubber  tubing  connected  with  a  transfusion 
needle  should  always  be  conveniently  at  hand,  with  a  flask  of  sterile  warm 
physiological  salt  solution,  a  sterile  dropper,  and  a  bottle  of  i  :ioo  epinephrin 
solution,  and  for  asthenic  patients,  the  left  elbow  should  be  bared,  aseptisized, 
and  wrapped  in  a  sterile  towel  for  a  possible  emergency  intravenous  injection. 

16.  Patients  who  have  had  narcotics  are  usually  given  a  one  or  two  quart 
enema  of  warm  water  after  being  returned  to  bed.  If  they  are  shocked,  or  deeply 
stuporous,  one  dram  of  tincture  of  capsicum  with  six  ounces  of  a  strong  decoction 
of  coffee  is  incorporated  in  the  enema. 

17.  As  to  the  later  treatment  in  abdominal  cases,  enemas  are  usually  given 
every  four  hours  for  two  days.  The  first  day  they  consist  of  warm  water,  240 
ccm. ;  the  second  day,  epsom  salts,  15  ccm.,  and  warm  water,  120  ccm.  This  is  irre- 
spective of  the  anaesthetic. 

Mortality  following  spinal  anaesthesia.  Various  observers 
have  given  a  mortality  varying  from  one  in  fifty  to  one  in  seventeen 
thousand  injections.  In  our  first  five  thousand  intradural  anaesthesias 
there  were  ten  deaths  on  the  operating  table,  and  one  death  two  days 
after  a  difficult  resuscitation  for  cardiac  failure  under  the  anaesthetic. 
All  but  the  last  mentioned  were  hopeless,  or  nearly  hopeless,  from  the 
character  of  the  disease,  irrespective  of  the  anaesthetic.  They  included 
such  cases  as  an  aged  man  dying  from  neglected  perforation  in  ty- 
phoid fever ;  an  elderly  alcoholic  nearly  moribund  from  gangrene  of  the 
thigh  and  leg  following  a  crushing  injury ;  a  man  with  advanced  sepsis 
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from  strangulated  hernia,  intestinal  gangrene,  peritonitis,  and  wide- 
spread phlegmon  of  the  abdominal  wall;  a  pulseless  and  extremely 
shocked  patient  with  an  accidental  avulsion  of  the  shoulder ;  an  infant  with 
advanced  general  miliary  tuberculosis ;  a  woman  with  purulent  peritoni- 
tis of  the  upper  abdomen  from  a  perforated  gall-bladder,  and  with  suffo- 
cation from  regurgitant  vomiting;  a  patient  with  a  massive  empyema, 
marked  sepsis,  and  extensive  phlegmon  of  the  thoracic  wall. 

It  is  unwise  to  g^ve  spinal  anaesthesia  to  patients  who  are  in  a  hope- 
less condition  or  who  are  otherwise  bad  risks.  By  eliminating  the  small 
percentage  of  patients  who  fall  into  this  class  we  have  also  eliminated 
all  deaths  that  could  be  ascribed  to  the  anaesthetic  in  the  last  three  thousand 
cases  of  spinal  anaesthesia. 

While  by  skilled  use  and  careful  selection  of  patients  spinal  anaes- 
thesia compares  well  in  point  of  safety  with  ether,  the  fact  that  the  dose 
once  injected  cannot  be  recalled  or  prevented  from  acting,  and  that  the 
patient's  life  so  closely  depends  upon  the  accuracy  of  dosage  and  the 
judgment  and  skill  of  the  surgeon,  clearly  should  prevent  the  general 
and  indiscriminate  use  of  this  anaesthetic. 

SACRAL  ANESTHESIA 

Sacral  anaesthesia  (epidural,  extradural,  or  caudal  anaesthesia)  was 
originated  by  the  Frenchman,  Cathelin,  and  developed  by  Lawen  and 
Gros.  It  is  produced  by  injecting  a  solution  of  local  anaesthetic  through 
the  sacral  hiatus  external  to  the  dura;  the  solution  interrupts  conduc- 
tivity in  the  nerve  roots  as  they  pass  from  the  dura  to  the  bony  foramina 
of  the  spine.  The  term  "low  sacral  anaesthesia"  is  used  when  the  solution 
involves  only  the  nerves  within  the  sacrum ;  the  term  "high  sacral  anaes- 
thesia" when  the  nerve  roots  of  the  lumbar  and  dorsal  region  are  affected. 

Anatomical  considerations.  The  sacral  hiatus  lies  about  2.5  cm. 
above  the  lower  end  of  the  sacrum  on  its  posterior  surface.  It  is  a  lozenge 
shaped  space  bounded  above  by  the  forked  termination  of  the  spinous 
processes  of  the  sacrum,  laterally  by  the  two  comua  sacrales,  and  below 
by  the  coccyx.  The  hiatus  is  covered  by  a  dense  membrane,  within  which 
lie  the  loose  areolar  tissue  and  nerves  of  the  sacral  canal.  The  anal 
groove  marks  the  midline  of  the  hiatus,  except  when  the  patient  is  in  a 
lateral  position,  when  the  groove  is  displaced  i  or  2  cm.  toward  the 
surface  upon  which  the  patient  lies.  The  termination  of  the  dura  is 
opposite  the  second  sacral  vertebra,  or  about  6  cm.  above  the  hiatus.  In 
injecting  the  hiatus,  therefore,  the  needle  should  not  be  introduced  more 
than  4  cm.  for  fear  of  puncturing  the  dura.  Low  sacral  anaesthesia 
interrupts  conductivity  in  that  portion  of  the  sacral  plexus  supplying  the 
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perineum,  the  anus,  the  lower  rectum,  the  urethra  and  penis,  the  lower 
part  of  the  prostate  and  scrotum,  the  vagina  in  the  female,  but  not  the 
testis.  By  elevating  the  pelvis  after  the  injection  and  by  using  sufficient 
solution,  permeation  of  the  extradural  space  and  involvement  of  nerve 
roots  even  to  the  lower  cervical  region  may  be  obtained. 

Technique.  The  instruments  required  are  a  20-  loo  ccm.  Luer  or 
Record  syringe  and  a  needle  about  8  cm.  long  and  about  2  mm.  in 
diameter.  Instead  of  a  needle  a  delicate  cannula  with  a  very  sharp 
mandrin  may  be  substituted.  The  best  needles  or  cannulas  are  made  of 
platino-iridium,  but  steel  needles  or  those  made  of  nickeloid,  or  of  hard 
gold  alloy,  are  efficient.  The  anaesthetic  usually  employed  is  a  i  per 
cent  solution  of  procaine  (novocaine),  to  every  100  ccm.  of  which  0.25 
ccm.  of  a  1 :  1000  solution  of  epinephrin  is  added.  Lawen,  believing  that 
an  alkaline  solution  made  with  sodium  bicarbonate  is  more  efficient 
than  one  made  with  sodium  chloride,  uses  a  solution  of  sodium  bicarbon- 
ate 0.25,  sodium  sulphite  0.25,  sodium  chloride  0.5,  distilled  water  100 
ccm.  This  solution  is  sterilized,  one  gram  of  procaine  added,  the  solution 
reboiled  for  one  minute,  and  0.25  ccm.  of  a  i  riooo  solution  of  epinephrin 
finally  added.  The  sodium  sulphite  is  used  to  prevent  the  rapid  oxidation 
of  the  epinephrin  in  the  alkaline  solution. 

Dosage.  For  low  sacral  anaesthesia  the  average  dose  is  0.6  grams 
of  procaine,  or  60  ccm.  of  a  i  per  cent  solution.  The  minimum  is  0.4 
grams  or  40  ccm.  The  average  dose  for  high  sacral  anaesthesia  is  0.7 
grams  or  70  ccm.  of  the  i  per  cent  solution.  The  maximum  dose  is  0.8 
grams  of  procaine.  In  marked  anaemia,  cachexia,  in  cases  of  deep  nar- 
cosis, in  icterus,  after  severe  haemorrhage,  or  if  the  patient  weighs  less 
than  105  pounds,  the  dose  is  diminished  0.1-0.2  grm.  For  patients  not 
well  narcotized,  or  those  weighing  over  126  pounds  o.i  gram  of  procaine 
is  added  to  the  usual  dose  (Schlimpert).  For  a  more  intense  action 
1.33  per  cent  solution  may  be  used. 

For  low  sacral  anaesthesia  the  patient  is  turned  upon  his  right  side 
with  the  head  slightly  elevated  and  the  back  well  flexed.  As  one  follows 
down  the  sacral  spine  the  hiatus  is  located;  the  anal  groove  is  dis- 
placed about  one  finger's  breadth  toward  the  dependent  side  of  the  patient. 
Under  strict  aseptic  precautions  the  needle  is  introduced  through  the 
center  of  the  hiatus  at  right  angles  to  the  skin,  but,  as  soon  as  the  mem- 
brane covering  the  hiatus  has  been  punctured,  the  needle  is  depressed  so 
that  it  points  upward  and  lies  nearly  parallel  with  the  skin  surface ;  the 
needle  is  then  very  cautiously  introduced  into  the  sacral  canal  for  a 
distance  of  3  -  5  cm.,  the  stylet  withdrawn,  and  the  syringe  containing 
from  40  to  90  ccm.  of  the  i  per  cent  solution  of  procaine  affixed.  Should 
there  be  a  flow  of  blood  from  the  needle  upon  withdrawing  the  piston  of 
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the  syringe  the  injection  must  not  be  given  until  the  needle  has  been  so 
readjusted  that  the  solution  will  not  enter  a  blood  vessel.  The  injection  is 
made  slowly,  taking  about  90  seconds,  and  the  proper  position  of  the 
needle  is  shown  by  a  lack  of  resistance  to  the  injection.  After  the  in- 
jection the  needle  is  immediately  withdrawn  and  the  patient  left  flat, 
or  with  the  pelvis  slightly  elevated.  For  high  sacral  anaesthesia  the 
injection  is  best  made  in  the  knee  chest  position,  the  pelvis  being  first 
elevated  thirty  degrees,  and  at  the  completion  of  the  injection,  to  forty- 
five  degrees.  For  convenience  in  placing  the  patient  in  the  knee  chest 
position,  a  special  tilting  chair  to  which  the  patient  is  strapped  has  been 
devised  in  the  Freiburg  clinic.  This  rather  elaborate  piece  of  apparatus 
is  not  absolutely  necessary.  To  reduce  the  pain  of  the  injection 
and  to  increase  the  certainty  of  the  method,  sacral  anaesthesia  has  fre- 
quently been  combined  with  "twilight  sleep,"  the  patient  being  given  J^ 
to  I  gram  of  veronal  on  the  morning  preceding  the  operation,  and 
from  one  to  three  injections  of  morphine  and  scopolamine,  beginning 
about  one  and  one-half  hours  before  the  time  of  operation,  as  described 
under  narcotic  anaesthesia. 

Efficiency.  Low  sacral  anaesthesia  is  efficient  in  about  55  per  cent 
of  the  cases;  high  sacral  anaesthesia  in  about  45  per  cent  of  the  cases. 
Sacral  anaesthesia  has  chiefly  been  employed  in  obstetric  practice,  and  for 
greater  efficiency  has  been  combined  with  narcotic  anaesthesia.  The  injec- 
tion has  also  been  recommended  for  the  relief  of  sciatica  and  anal  pruritis. 
While  much  less  efficient  as  an  anaesthetic  than  spinal  anaesthesia,  it  may 
be  used  by  those  who  wish  to  avoid  the  greater  risk  and  possible  cephalgia 
from  the  intradural  injection.  It  is  evident  that  it  has  such  limitations 
that  only  very  devoted  enthusiasts  will  have  the  patience  to  continue 
its  use. 

NARCOTIC  ANESTHESIA 

Stupefying  draughts  have  been  employed  to  relieve  the  pain  of 
surgical  operations  from  the  dawn  of  written  history.  The  most  useful 
drugs  are  the  alkaloids  found  in  poppy  and  mandragora,  plants  which 
were  referred  to  by  the  earliest  medical  historians.  Using  a  combination 
of  morphine  and  scopolamine,  Schneiderlin,  in  1901,  revived  this  ancient 
method  of  producing  surgical  anaesthesia.  Later  modified  and  used  chiefly 
in  obstetric  practice,  the  method  has  had  an  extended  use  under  the 
name  "twilight  sleep."  In  1904,  to  determine  the  usefulness  of  narcotic 
anaesthesia  in  general  surgery,  we  tried  for  one  month  to  use  no  other 
anaesthetic  for  operations  upon  adults.  In  routine  use  it  was  found  that 
about  30  per  cent  of  the  patients  that  came  to  the  operating  table  could 
be  operated  upon  with  a  fair  degree  of  satisfaction.    In  the  remaining 
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patients  the  method  was  not  satisfactory,  for  although  many  of  the 
patients  had  no  recollection  of  having  been  in  the  operating  room,  their 
active  reflexes  and  movements  on  the  operating  table  necessitated  restraint 
and  rendered  the  operation  difficult  In  from  lo  to  20  per  cent  of  the 
patients  the  excitement  and  delirium  were  so  marked,  or  there  was  so 
little  narcosis,  that  the  operation  could  not  be  done.  On  reviewing  the 
patients  it  was  found  that  narcotic  anaesthesia  was  rarely  efficient  in  per- 
sons under  30.  In  young  patients  the  delirifacient  action  of  the  hyoscin 
or  scopolamine  predominates,  while  in  the  elderly  or  debilitated  the  hyp- 
notic action  is  in  the  ascendant.  In  children  on  account  of  the  dangers 
attending  the  use  of  morphine  the  method  is  not  justified.  The  senile, 
toxic,  jaundiced,  exhausted,  or  those  physically  impoverished,  are  espe- 
cially susceptible.  On  account  of  the  associated  muscular  rigidity  the 
method  is  not  well  suited  for  celiotomy,  except  in  patients  with  very  re- 
laxed or  wasted  abdominal  walls.  It  is  much  easier  to  produce  sufficient 
anaesthesia  for  operation  upon  the  scalp,  skull,  brain,  face,  jaws,  neck, 
and  spine,  than  upon  the  hands,  feet,  or  rectum.  A  mixture  of  the 
hypnotic  drugs,  on  account  of  the  crossed  action,  seems  safer  and  pre- 
ferable to  the  use  of  but  one  or  two  drugs.  Those  most  valuable  are 
morphine,  apomorphine,  hyoscin  or  scopolamine,  chloral,  paraldehyde, 
alcohol,  ether,  veronal,  isopral,  hedonal,  and  compound  spirits  of  ether. 
Wide  variations  in  the  personal  reaction,  especially  to  scopolamine  and 
hyoscin,  have  led  many  observers  to  conclude  that  these  drugs  vary 
greatly  in  potency  and  narcotic  action,  and  have  enabled  special  proprie- 
tary preparations  to  be  exploited  at  exorbitant  prices,  especially  for  the 
production  of  "twilight  sleep.*' 

A  variety  of  methods  for  narcotic  narcosis  are  feasible.  The  most 
commonly  used  are  those  involving  a  combination  of  alcohol  and  apomor- 
phine, or  of  morphine  and  scopolamine. 

Alcohol-apomorphine  narcosis.  For  a  young  robust  adult  in 
acute  alcoholic  delirium  an  injection  of  i/io  to  1/7  grain  of  apomorphine 
subcutaneously,  usually  so  quiets  the  patient  within  five  minutes  that 
lacerations  of  scalp  or  face  may  be  sutured  or  a  craniotomy  performed 
without  remonstrance  on  his  part.  In  a  similar  narcosis  the  patient 
is  given  by  mouth  or  rectum  repeated  doses  of  dilute  alcohol  or  ether 
followed,  as  soon  as  excitation  or  delirium  appears,  by  the  subcutaneous 
injection  of  from  1/15  to  1/7  grain  of  apomorphine,  the  larger  dose 
being  given  only  in  the  robust.  Usually  this  is  followed  by  a  brief  but 
often  imperfect  emesis,  immediately  succeeded  by  a  relaxed  insensible 
condition  which  usually  continues  from  one  to  four  hours.  For  the 
dipsomaniac  who  requires  operation,  but  has  not  the  courage  or  logic 
to  request  its  performance,  the  method  enables  the  surgeon  to  operate 
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without  the  patient's  consent.  If  the  anaesthesia  is  insufficient,  additional 
hypodermic  injections  with  or  without  morphine  and  scopolamine,  or  a 
small  amount  of  ether  by  inhalation  may  be  given. 

Scopolamine-morphine  anaes^esia.  We  have  found  the  fol- 
lowing modification  of  this  method  very  useful  in  selected  cases.  One 
and  one-half  hours  before  the  time  of  operation,  the  patient,  having  pre- 
viously been  prepared  by  baths  and  laxatives,  is  given  a  hypodermic  in- 
jection of  morphine  sulphate  1/6  grain,  with  hycscin  or  scopolamine  hy- 
drobromide  i/ioo  grain.  Twenty  minutes  later,  unless  in  the  meantime 
the  patient  shows  marked  narcosis,  the  hypodermic  injection  is  repeated, 
and  immediately  after  there  is  slowly  run  into  the  bowel  a  solution  con- 
taining Hoffman's  anodyne  one  ounce,  alcohol  one-half  ounce,  paralde- 
hyde one-fourth  ounce,  and  water  to  make  five  ounces.  The  patient  is 
now  constantly  watched,  and  the  need  for  further  narcotics  determined. 
In  very  old,  debilitated,  or  toxic  patients,  the  second  injection  may  not  be 
required.  In  many  elderly  or  debilitated  patients  two  injections  will  be 
sufficient,  so  that  twenty  minutes  after  the  enema  the  patient  is  in  such 
a  condition  that  he  cannot  be  roused  by  strongly  pinching  the  skin  near 
the  field  of  operation,  and,  therefore,  is  ready  for  the  operation.  More 
frequently,  twenty  minutes  after  the  second  injection  the  patient  is  som- 
nolent, but  is  easily  partially  aroused.  In  such  a  case  if  the  pulse  and 
general  condition  are  good,  a  third  subcutaneous  injection  is  given 
consisting  of : 

Apomorphine  hydrobromide,  1/20  to  i/io  grain; 
Scopolamine  or  hyoscin  hydrobromide,  i/ioo  grain; 
Morphine  sulphate,  1/6  grain. 

The  use  of  these  various  drugs  is  based  upon  the  patient's  reaction  and 
susceptibility.  If  the  patient,  although  not  fully  narcotized,  shows  by  a 
red,  florid  skin,  more  or  less  dilated  pupils,  and  delirium,  that  he  has  the 
full  action  of  the  scopolamine,  this  is  omitted  from  the  later  hypodermics ; 
or  if  by  contracted  pupils,  slow  respiration,  and  pallor,  that  a  predomi- 
nant morphine  effect  has  been  obtained,  then  this  drug  is  omitted.  If 
heart  action  is  weak,  the  patient  very  asthenic  or  debilitated,  the  apomor- 
phine, which  is  the  most  powerful  of  the  drugs,  must  be  avoided  or  used 
with  great  caution.  The  effect  of  the  apomorphine  often  comes  on  with 
startling  rapidity.  Three  to  five  minutes  after  the  injection  of  the  apo- 
morphine the  semi-conscious  patient  may  fall  back  insensible,  so  that 
extensive  operative  procedures  may  be  begun  at  once.  The  duration  of 
the  narcosis  is  from  two  to  eight  hours,  and  the  patient  usually  wakens 
with  no  recollection  of  having  fallen  asleep  or  even  having  awakened, 
and  usually  at  once  begins  to  inquire  when  the  operation  is  to  be  per- 
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formed.  For  the  comfort  of  the  patient,  the  method  is  ideal.  It  enables 
an  operation  to  be  performed  without  the  patient's  knowledge  or  consent. 
The  narcosis  may  be  started  in  the  patient's  home,  the  patient  transferred 
to  a  hospital,  operated  upon  and  returned  to  the  home  entirely  oblivious 
of  the  fact  that  he  has  even  been  asleep.  There  is  a  limited  class  bf 
patients  who  desire  to  be  operated  without  knowing  the  time  of  operation, 
or  who  avoid  or  refuse  operation  through  fear,  cowardice,  alcoholism,  or 
mental  perversion.  In  such  cases,  if  the  surgeon  is  justified  in  operating 
without  the  patient's  knowledge  or  consent,  the  method  is  ideal. 

Dangers.  Narcotic  anaesthesia  is  dangerous  and  should  only  be  em- 
ployed by  a  skilled  physician  who  has  the  patient  constantly  watched. 
The  greatest  danger  is  that  the  tongue  may  fall  back  and  produce  death 
by  a  slow  asphyxia.  In  such  a  condition  we  have  repeatedly  found  that 
assistants  will  inject  stimulants  and  fail  to  observe  the  simple  expedient 
of  pulling  forward  the  tongue.  To  impress  upon  all  attendants  the  con- 
stant danger  of  respiratory  obstruction  we  have  a  light  wisp  of  cotton 
affixed  by  adhesive  plaster  to  the  patient's  nose  as  soon  as  the  narcosis 
begins,  the  oscillations  of  the  cotton  splendidly  indicating  the  degree 
of  respiratory  movement.  In  the  uraemic,  or  otherwise  very  toxic,  pa- 
tient, especially  if  he  be  also  aged,  the  method  is  especially  dangerous  and 
should  be  avoided,  or  only  used  with  the  greatest  care.  It  should  be 
avoided  in  subtentorial  tumors  or  other  diseases  with  depression  of  the 
respiratory  centers,  or  with  any  marked  degree  of  abolition  of  the  pulmo- 
nary function.  Marked  toxaemia  from  sepsis,  or  advanced  renal  or  hepatic 
disease,  contra-indicate  the  narcosis.  Patients  with  tuberculosis  or  mod- 
erately advanced  carcinoma  are  often  unusually  susceptible  and  fre- 
quently very  good  subjects ;  in  the  former  case,  however,  the  respiratory 
depression  following  the  administration  of  morphine  and  scopolamine 
must  always  be  taken  into  consideration. 

Resuscitation.  At  the  completion  of  the  operation,  or  if  the  patient 
is  too  deeply  narcotized,  the  following  enema  is  given  after  irrigating  the 
bowel : 

Black  coffee,  i  pint ; 

Tincture  of  capsicum,  2  drachms ; 

Warm  water,  2  quarts. 

A  hypodermic  injection  may  also  be  given,  containing  1/20  or  i/io 
of  a  grain  of  strychnine  and  from  3  to  5  grains  of  caffein.  If  cardiac 
failure  or  collapse  develops,  the  intravenous  injection  of  one  pint  of 
physiologic  saline  solution  containing  5  or  more  minims  of  i  riooo  epine- 
phrin  solution  is  given,  the  flow  of  the  solution  being  interrupted  as  soon 
as  the  heart  responds.     For  respiratory  failure,  artificial  respiration 
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should  be  employed.  In  the  average  case  these  special  measures  are  un- 
necessary and  the  patient  is  simply  given  two  quarts  of  water  by  rectum 
at  the  completion  of  the  operation.  To  prevent  reabsorption  of  the  drug 
the  patient  may  be  catheterized. 

A  partial  narcotic  anaesthesia  ("twilight  sleep")  is  frequently  of 
great  advantage  in  conjunction  with  local,  spinal,  sacral,  or  other  forms 
of  conduction  anaesthesia.  In  obstetric  practice  it  is  very  difficult  to  pro- 
duce a  uniform  narcosis  and  the  child  is  frequently  dangerously  stupefied. 
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CHAPTER  I 

INDICATIONS:  DANGERS:  GENERAL  PRINCIPLES: 

PRINCIPAL  METHODS  OF  CONTROLLING  HEMORRHAGE: 

AND  THE  PRINCIPLES  OF  OPERATING 

Varieties.  In  connexion  with  the  extremities  it  has  been  the 
custom  to  use  the  term  *  amputation '  to  denote  any  operation  by  which 
a  limb  or  any  integral  portion  of  a  limb  is  severed  from  the  rest  of  the 
body.  It  is^  however,  preferable  to  subdivide  amputations  into  two 
distinct  groups,  viz.  (i)  Amputations  proper,  or  those  in  which  the  limb 
is  removed  after  division  of  bone,  and  (ii)  Disarticulations,  or  those 
in  which  removal  is  effected  through  one  of  the  joints.  The  decision 
as  to  whether  the  surgeon  will  perform  a  true  amputation  in  preference 
to  a  disarticulation  in  any  given  case  will  be  influenced  as  a  rule  by  the 
special  circumstances  connected  with  the  injury  or  disease  for  which  the 
operation  is  required,  but  certain  points  should  be  borne  in  mind  when 
the  conditions  allow  the  surgeon  his  choice  between  the  two. 

Speaking  generally,  it  may  be  said  that,  owing  to  the  larger  size  and 
smoother  contours  of  the  articular  ends,  they  furnish  the  best  surfaces 
upon  which  pressure  may  be  borne  in  the  lower  extremity,  or  from 
which  purchase  may  be  taken  for  the  movements  of  an  artificial  limb  in 
the  upper  extremity,  and  that  therefore  a  disarticulation  should  be  pre- 
ferred to  a  true  amputation  when  either  of  these  points  is  of  cardinal 
importance.  When,  however,  the  object  is  to  obtain  the  most  perfect 
aesthetic  result,  it  has  to  be  remembered  that  after  a  disarticulation  it  is 
impossible  to  fit  an  artificial  limb  which  will  preserve  the  normal  move- 
ments. Thus,  for  instance,  if  a  patient  be  fitted  with  an  artificial  limb 
after  a  disarticulation  at  the  knee-joint,  and  the  limb  be  furnished  with 
an  artificial  knee-joint,  this  must  necessarily  be  on  a  lower  level  than 
the  one  on  the  sound  side  in  order  to  permit  of  flexion ;  therefore, 
although  the  diflference  in  the  level  of  the  knee-joints  on  the  two  sides 
may  pass  unnoticed  when  the  patient  is  upright  or  walking,  it  becomes 
apparent  at  once  when  the  knee  is  bent,  as  in  sitting  down.  For  this 
reason  most  instrument-makers  prefer  a  stump  resulting  from  an  ampu- 
tation through  the  condyles  of  the  femur  to  one  left  after  a  disarticu- 
lation at  the  joint,  although  obviously  the  basis  of  support  in  the  latter 
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case  is  larger  and  more  stable  than  in  the  former;  this  point,  however, 
is  dealt  with  more  fully  later  on. 

Indications.  In  former  days  it  was  much  easier  to  define  exactly 
the  cases  that  called  for  amputation  than  it  is  at  the  present  time.  There 
are  still  a  few  groups  of  cases  in  which  amputation  must  always  be 
resorted  to,  but  the  limits  of  the  very  large  group  in  which  amputation 
is  only  occasionally  required  are  still  vague,  and  are  constantly  chang- 
ing with  the  advances  made  by  conservative  surgery.  Owing  to  the 
great  improvement  not  only  in  the  actual  treatment  of  wounds,  but  also 
in  the  various  other  directions  which  have  been  opened  up  by  the 
improved  methods  of  securing  asepsis,  such  as  nerve  suture,  bone, 
tendon  and  skin  grafting,  &c.,  it  has  become  possible  to  save  and  make 
useful  members  of  limbs  that  were  formerly  condemned.  The  cases, 
therefore,  in  which  amputation  may  be  done  will  be  considered  in  two 
large  groups — (A)  those  in  which  amputation  is  invariably  required, 
and  (B)  those  in  which  it  is  only  occasionally  called  for. 

(A)  Cases  in  which  amputation  is  always  required,  (i)  Avulsion 
of  a  limb.  Here  there  can  be  no  question  as  to  the  necessity  of  ampu- 
tation, since  the  limb  has  been  actually  removed  by  the  agent  causing 
the  injury,  and  the  operation  generally  resolves  itself  into  some  form 
of  '  trimming '  operation,  having  for  its  object  the  removal  of  the 
damaged  tissues  together  with  enough  bone  to  allow  the  skin  to  be 
brought  together  neatly  over  the  end  of  the  stump. 

(ii)  Malignant  disease  of  bone.  When  malignant  disease  attacks 
a  bone  some  form  of  amputation  is  absolutely  necessary;  for  choice  this 
should  take  the  form  of  disarticulation  at  the  joint  above  the  seat  of 
the  growth,  so  that  the  entire  bone  and  its  lymphatic  supply  shall  be 
removed.  In  the  extremities,  at  any  rate,  it  is  hardly  ever  wise  to 
remove  only  a  portion  of  the  bone,  as  recurrence  under  these  circum- 
stances is  almost  inevitable.  This  statement,  however,  does  not  include 
the  so-called  myeloid  sarcoma,  which  is  of  low  malignancy,  and  for 
wliich  a  much  more  limited  operation,  such  as  enucleation  of  the  growth, 
or,  at  the  most,  an  amputation  through  the  bone  immediately  above  the 
upper  limit  of  the  growth,  will  suffice. 

(iii)  Severe  crush-fractures.  These  are  the  cases  in  which  there 
may  be  the  greatest  difficulty  in  deciding  whether  to  amputate  or  to  try 
to  save  the  limb.  The  old  rule  that  amputation  should  be  practised  when 
either  the  main  artery,  vein,  or  nerve  were  divided  no  longer  holds  good, 
neither  does  the  dictum  that  extensive  laceration  of  the  skin  demands 
amputation.  Also,  a  wound  of  a  neighbouring  joint  may  often  be 
treated  safely  by  disinfection  and  drainage,  and  the  limb  preserved,  even 
when  considerable  portions  of  bone  have  been  comminuted  or  entirely 
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destroyed,  as  in  gunshot  injuries;  thanks  to  modern  methods  of  splicing 
and  grafting  bones,  a  useful  limb  need  not  be  despaired  of.  It  is  obvious 
that  amputation  will  be  necessary  if  the  main  artery,  vein,  and  nerve 
have  all  been  damaged,  but,  provided  that  one  of  these  structures 
remains  intact,  the  position  of  affairs  is  not  hopeless.  Collateral  circu- 
lation may  be  restored  even  after  damage  to  both  artery  and  vein, 
whilst,  if  these  structures  be  intact  but  the  nerve  be  divided,  the  extra 
time  necessary  for  suturing  the  nerve  does  not  materially  add  to  the 
gravity  of  the  case.  Even  when  the  skin  has  been  extensively  destroyed, 
the  application  of  Thiersch's  skin  grafts,  either  immediately  after  the 
accident  or  at  some  subsequent  period,  when  it  is  seen  how  much  of  the 
skin  will  die,  will  often,  give  the  patient  a  useful  limb  which  would 
otherwise  have  been  sacrificed. 

(B)  Cases  in  which  amputation  is  only  occasionally  required,  (i)  Gan- 
grene. Some  form  of  amputation  is  nearly  always  necessary  in  cases 
of  gangrene,  except  in  the  slightest  type  of  the  senile  variety,  and  in 
those  trivial  cases  that  accompany  Raynaud's  disease,  frost-bite,  and  the 
application  of  heat  or  caustics.  Even  when  the  gangrenous  part  is 
allowed  to  separate  spontaneously,  some  form  of  amputation  is  neces- 
sary, as  the  surgeon  will  be  obliged  to  cut  away  portions  of  the  pro- 
truding bone  in  order  to  get  the  soft  parts  to  meet  comfortably  over  it. 
The  particular  period  of  the  disease  and  the  exact  situation  in  the  limb 
at  which  the  amputation  should  be  practised  must  necessarily  vary  with 
the  affection  which  calls  for  amputation;  the  important  point  is  that  it 
should  be  done  in  a  situation  where  the  blood-supply  is  good.  Thus, 
for  instance,  it  is  useless  to  amputate  through  the  foot  or  leg  in  senile 
gangrene,  owing  to  the  indifferent  vascularity  of  those  parts;  the  ampu- 
tation should  be  done  either  in  the  region  of  the  knee-joint  or  through 
the  lower  third  of  the  thigh,  as  otherwise  gangrene  of  the  flaps  is  likely 
to  occur.  This  is  the  principal  risk  of  amputation  in  cases  of  gangrene, 
and  it  is  increased  enormously  by  the  occurrence  of  sepsis,  which  leads 
to  a  rapidly  spreading  septic  gangrene  that  is  very  fatal.  There  are  of 
course  other  risks  incidental  to  special  cases,  such  as  diabetic  coma  in 
cases  of  gangrene  in  diabetics. 

(11)  Compound  fractures.  The  remarks  made  concerning  bad 
crush- fractures  (vide  supra)  will  serve  to  indicate  the  type  of  cases  that 
require  amputation  in  this  kind  of  fracture.  Few,  if  any,  ordinary 
compound  fractures,  even  if  they  extend  into  the  neighbouring  joints  or 
are  accompanied  by  occlusion  of  the  main  artery  or  vein,  or  division  of 
the  main  nerve  alone,  are  looked  upon  as  suitable  for  amputation  nowa- 
days. In  arriving  at  a  decision  in  these  bad  cases  the  surgeon  must  take 
into  consideration  the  age,  the  general  health,  and  even  the  social  posi- 
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tion  of  his  patient,  before  he  can  judge  whether  amputation  or  con- 
servative surgery  is  the  better  line  of  treatment.  In  addition  to  this,  the 
most  important  point  of  all,  namely  the  possibility  of  keeping  the  wound 
aseptic  throughout,  must  not  be  lost  sight  of,  and  this  question  will  be 
influenced  to  some  extent  by  the  considerations  previously  mentioned. 
Old  age,  with  its  liability  to  shock,  to  lung  mischief  from  confinement 
to  bed,  and  to  bed-sores,  together  with  the  depressing  influence  of  a 
prolonged  convalescence,  is  against  a  too  strenuous  attempt  to  save  a 
limb  that  must  necessarily  require  a  long  period  for  healing.  An  ampu- 
tation followed  by  primary  union  and  necessitating  only  the  minimum 
confinement  to  bed  will  often  prove  far  better  for  an  aged  patient  than 
too  persistent  attempts  to  save  the  limb.  The  situation  of  the  fracture, 
and  therefore  the  possibility  of  keeping  the  parts  at  rest  effectually,  or 
the  wounds  free  from  infection,  also  bear  strongly  upon  this  point,  as 
do  also  the  social  circumstances  of  the  patient.  It  is  of  primary  impor- 
tance that  if  an  attempt  be  made  to  save  the  limb  in  bad  cases  of  com- 
pound fracture,  the  conditions  should  be  such  that  there  is  very  little 
likelihood  of  sepsis  supervening.  Lastly,  the  character  of  the  limb 
when  it  is  eventually  saved  must  be  taken  into  consideration.  A  stiff 
limb,  which  is  constantly  liable  to  ulceration,  although  it  may  satisfy  a 
well-to-do  patient  who  can  take  all  due  care  and  can  have  all  requisite 
attention,  will  be  worse  than  useless  to  a  working  man,  in  whom  the 
exact  opposite  is  the  case.  In  cases  of  doubt,  however,  it  is  well  to 
remember  that  conservative  surgery  should  have  the  benefit  of  the 
doubt,  as  it  is  always  possible  to  amputate  at  a  subsequent  period  should 
circumstances  render  it  advisable. 

(iii)  Intractable  joint-disease.  Many  cases  of  joint-disease  require 
amputation.  Foremost  among  these  are  suppurative  arthritis,  either 
acute  or  chronic;  in  the  former  case  to  avoid  general  pyaemia,  and  in 
the  latter  lardaceous  disease.  Tuberculous  joint-disease  also  calls  for 
amputation  when  it  is  too  extensive  to  be  dealt  with  by  excision,  and 
particularly  when  the  limb  is  riddled  with  septic  sinuses;  here  amputation 
not  only  removes  the  disease,  but  eliminates  the  possibility  of  lardaceous 
disease  and  restores  the  patient  to  health  after  a  comparatively  short 
convalescence.  Amputation  is  often  necessary  in  weakly  persons  who 
are  the  subject  of  advanced  tuberculous  disease,  especially  when  there 
is  tuberculous  mischief  elsewhere,  as  recovery  from  amputation  is 
shorter,  and  makes  less  tax  upon  the  general  powers  than  does  the  pro- 
tracted convalescence  following  a  severe  operation  like  excision. 

(iv)  Intractable  suppuration  in  an  extremity.  Owing  to  improved 
methods  of  wound  treatment,  intractable  suppuration  in  an  extremity 
is  much  rarer  than  it  used  to  be ;  there  are,  however,  certain  groups  of 
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cases  in  which  it  is  still  a  prominent  feature,  and  which  can  only  be 
treated  satisfactorily  by  amputation.  Such  cases,  for  instance,  as  those 
of  acute  infective  osteomyelitis  in  which  the  whole  of  one  of  the  long 
bones  is  implicated  frequently  demand  removal  of  the  limb;  and  ampu- 
tation through  the  arm  or  forearm  is  still  resorted  to  fairly  often  in  the 
treatment  of  intractable  cellulitis  of  the  hand  and  forearm  following 
whitlow.  This  serious  affection,  however,  is  becoming  less  formidable 
nowadays,  owing  to  the  earlier  diagnosis  and  improved  methods  of 
treatment  by  the  various  sera,  &c.  Amputation,  on  the  other  hand,  is 
of  little  or  no  service  in  these  fulminating  septicemic  cases,  in  which 
the  organisms  are  disseminated  rapidly  by  the  blood-stream  without  the 
formation  of  any  considerable  focus  at  the  point  of  infection;  this  type 
is  a  general  blood-disease,  and  removal  of  the  focus  of  infection  is  not 
only  of  no  avail  but  actually  adds  to  the  patient's  danger  by  reason  of 
the  shock  it  gives  rise  to. 

(v)  Certain  cases  of  deformity.  There  are  a  number  of  cases  of 
deformity,  congenital  or  acquired,  in  which  amputation  is  done  either  to 
obtain  an  improved  aesthetic  result  or  to  provide  the  patient  with  a  firmer 
basis  of  support  ior  locomotion.  Thus  stiff  fingers  after  whitlow,  and 
certain  deformities  after  burns,  &c.,  are  often  treated  by  amputation, 
although  the  wider  application  of  skin-grafting  has  reduced  the  number 
of  these  cases  considerably.  Amputation,  however,  is  often  very  useful 
in  treating  the  severe  deformities  following  infantile  paralysis,  in  which 
the  limb,  besides  being  useless  for  the  purpose  of  support,  suffers  from 
defective  nutrition,  which  renders  it  a  constant  source  of  discomfort  and 
danger  to  the  sufferer. 

(vi)  Ulcers.  Many  chronic  ulcers  of  the  leg  are  seen  in  the  out- 
patient departments  of  hospitals  in  which  a  permanent  cure  is  not  to  be 
looked  for.  When  the  ulcer  is  of  many  years'  standing,  and  is  so  exten- 
sive that  it  encircles  the  limb  either  entirely  or  in  great  part,  there  is  little 
hope  of  obtaining  a  satisfactory  result  by  any  method  of  palliative  treat- 
ment. The  circulation,  both  systemic  and  lymphatic,  is  so  much  inter- 
fered with  by  the  chronic  inflammatory  process  in  and  around  the  ulcer, 
that  not  only  is  it  almost  impossible  to  promote  complete  cicatrization 
by  any  means,  but,  even  should  this  end  be  attained  eventually,  the 
ulcerative  process  will  recur  on  the  very  slightest  provocation,  and  the 
time  spent  in  securing  healing  will  be  expended  in  vain.  The  application 
of  Thiersch's  grafts  to  these  ulcers  has  done  much  to  secure  rapid  heal- 
ing, but  in  the  extensive  cases  under  consideration  widespread  sloughing 
and  recurrence  of  the  ulcer  in  all  its  former  extent  will  frequently  take 
place  after  it,  even  though  the  most  elaborate  precautions  be  taken  to 
prevent  it;  and,  as  these  intractable  ulcers  occur  only  in  the  poorer 


i82  AMPUTATIONS 

classes,  to  whom  confinement  to  bed  generally  means  loss  of  wage- 
earning,  the  matter  is  one  of  great  seriousness. 

Amputation  affords  the  only  rapid  and  certain  cure  in  these  bad 
cases,  and  the  particular  form  of  amputation  required  will  generally  be 
one  at  the  *  seat  of  election  '  (see  p.  333),  on  account  of  the  situation 
of  the  ulcer.  This  should  be  recommended  for  extensive  ulcers  of  long 
standing  that  almost  entirely  surround  a  limb  and  are  accompanied  by 
much  induration  of  the  non-ulcerated  parts  in  the  immediate  vicinity,  but 
it  must  be  admitted  that  the  patient  will  rarely  accept  the  advice,  pre- 
ferring the  inconvenience  and  pain  of  the  ulcer  to  the  loss  of  the  limb. 

Dangers.  Nearly  all  the  risks  attaching  to  operations  in  former 
years  have  disappeared  now,  as  a  result  of  the  improvements  in  the 
treatment  of  wounds;  practically  the  only  real  danger  attending  the 
removal  of  a  limb  is  shock,  and  this  only  occurs  when  the  operation  is 
one  of  considerable  magnitude.  It  is  well  known  that  the  degree  of 
shock  varies,  with  different  operations.  It  is  much  more  marked  in 
amputations  jf  the  lower  extremity  than  in  those  of  the  upper;  in  the 
latter  region  it  is  seldom  met  with,  whilst  in  the  former  the  old  rule  still 
holds  good,  that  the  severity  of  the  shock  increases  directly  with  the 
nearness  of  the  amputation  to  the  trunk.  This  rule,  however,  must  be 
qualified  to  the  extent  of  saying  that  the  degree  of  shock  met  with  does 
not  constitute  any  real  risk  to  life  except  in  a*  few  of  the  more  severe 
amputations,  such  as  amputation  through  the  upper  third  of  the  thigh, 
or  disarticulation  at  the  hip  joint.  Modern  methods  of  guarding  against 
shock  will  suffice  to  avert  the  danger  of  a  fatal  termination  in  all  cases 
except  those  just  enumerated;  in  them  there  is  no  doubt  a  definite  mor- 
tality directly  resulting  from  the  severity  of  the  operation.  The  exact 
percentage  cannot  well  be  estimated,  as  sufficient  data  are  not  obtain- 
able; but  that  cases  of  death  from  pure  shock,  as  distinct  from  those  due 
to  haemorrhage  or  early  sepsis,  do  still  occur  after  the  major  amputa- 
tions in  the  lower  extremity  must  be  admitted  by  all  practical  surgeons. 

The  shock  resulting  from  these  major  amputations  appears  to  be  due 
mainly,  if  not  entirely,  to  the  division  of  the  large  nerve-trunks  close  to 
the  body,  and  there  is  a  most  remarkable  difference  in  the  mortality  of 
such  an  operation  as  disarticulation  at  the  hip  joint  when  the  operation  is 
done,  on  the  one  hand,  by  a  method  such  as  Furneaux  Jordan's  (see 
p.  366),  that  involves  division  of  the  vessels  and  nerves  completely  low 
down  in  the  thigh,  and  on  the  other,  when  it  is  done  by  one  such  as  the 
anterior  racket  method,  which  necessitates  their  division  on  a  level  with 
Poupart's  ligament.  Allowing  for  the  elimination  of  deaths  from  early 
sepsis,  the  mortality  in  these  latter  cases  is  still  nearly  as  great  as  it  was 
in  former  times.     Since  the  shock  appears  to  be  due  to  the  division  of 
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the  nerve-trunks,  and  since  the  experience  of  those  using  stovaine  and 
other  local  analgesics  tends  to  show  that  these  substances  abolish  shock 
much  more  than  does  a  general  anaesthetic,  it  would  appear  that  the 
mortality  of  these  severe  amputations  may  possibly  be  diminished  in 
the  near  future  by  the  use  of  one  of  these  local  analgesics,  either  injected 
into  the  nerve-trunks  at  the  point  of  section,  or  into  the  vertebral  canal 
itself.     Full  details  upon  this  subject  will  be  found  in  Section  II. 

That  the  shock,  however,  is  not  entirely  due  to  division  of  nerve- 
trunks  close  to  the  nerve-centres  is  proved  by  the  fact  that  there  is  much 
less  shock  met  with  after  the  extensive  interscapulo-thoracic  amputation 
of  Berger  (see  p.  270)  than  after  disarticulation  at  the  hip-joint  by 
the  anterior  racket  method,  which  is  still  not  infrequently  accompanied 
by  fatal  shock.  This  serious  danger  of  shock  must  therefore  be 
guarded  against  by  every  means  in  the  surgeon's  power;  of  these  the 
most  important  is  rapidity  of  operation,  and  no  case  of  this  kind  should 
be  undertaken  unless  the  surgeon  is  provided  with  plenty  of  skilled 
assistance,  and  can  operate  in  surroundings  that  are  most  favourable  to 
minimizing  shock. 

The  possibility  of  increasing  or  inaugurating  shock  by  traumatization 
of  fat  in  the  subcutaneous  tissue  or  in  the  bone  should  not  be  forgotten. 
That  fat  embolism  is  the  distinct  cause  of  shock  in  certain  cases  cannot 
be  denied.  This  is  especially  true  in  thigh  amputations  where  the  fat  is 
frequently  excessive. 

I  have  recently  adopted  a  modified  Trendelenburg  position  for 
operations  about  the  pelvic  region  and  lower  extremity  that  are  likely 
to  be  accompanied  by  severe  shock,,  and  I  have  been  much  pleased  with 
the  results;  shock  seems  certainly  to  be  diminished  to  an  appreciable 
extent,  and  moreover  there  appears  to  be  less  oozing  from  the  wound, 
especially  in  cases  of  amputation.  In  these  latter  cases  the  true 
Trendelenburg  position  is  difficult  to  use,  owing  to  the  undue  height  of 
the  pelvis  and  the  necessity  of  getting  the  sound  limb  out  of  the  way, 
but  if  the  operating  table  be  so  constructed  that  the  head  of  it  can  be 
lowered,  instead  of  the  pelvic  portion  being  raised,  a  similar  effect  can 
be  obtained  to  the  true  Trendelenburg  position.  If  such  a  table  be  not 
available  the  surgeon  will  need  to  stand  upon  a  suitable  stool. 

Shock  as  influencing  the  time  of  amputation.  It  happens  occa- 
sionally, particularly  in  severe  machinery,  gunshot,  or  railway  injuries, 
that  a  patient  who  is  the  subject  of  a  crush-fracture  that  inevitably 
requires  amputation  comes  under  the  surgeon's  notice  in  an  almost 
moribund  condition  from  the  excessive  shock  due  either  to  the  injury  to 
the  limb  alone  or  to  the  combined  effects  of  that  and  some  severe  internal 
lesion.     The  question  that  arises  is,  Shall  amputation  be  performed  at 
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once,  or  shall  an  interval  be  allowed  for  a  certain  amount  of  rallying  to 
take  place?  This  question  in  the  past  has  generally  been  answered  by 
saying  that  amputation  should  be  postponed  until  enough  reaction  has 
occurred  to  warrant  the  surgeon  in  thinking  that  the  operation  can  be 
borne  successfully. 

This  opinion  is  still  held  by  a  majority  of  surgeons,  although  I  myself 
have  leaned  to  immediate  operation. 

That  nerve  irritation  plays  a  large  part  in  shock  is  generally  be- 
lieved. Therefore,  the  early  injection  of  the  nerves  or  their  roots  in 
the  spinal  canal  with  novocaine  or  its  congeners  is  indicated.  If  the 
extremity  is  attached  by  a  few  shreds  of  tissue,  its  removal  at  the  same 
time  is  justified.  If  operation  is  deferred,  these  injections  should  be  re- 
peated until  the  patient  has  recovered  sufficiently  to  justify  the  inter- 
vention. The  amputation  should  be  done  as  expeditiously  as  possible 
and  with  the  slightest  possible  psychic  and  physical  shock.  The  usual 
methods  of  stimulation,  heat,  rest,  infusion  and  transfusion,  should  be 
employed. 

At  present,  however,  we  have  in  Spinal  Analgesia  a  most  valu- 
able means  of  combating  shock  of  this  kind.  It  is  remarkable  how 
much  the  general  condition  improves  after  its  employment ;  pain  ceases, 
the  pulse  improves,  and  the  restlessness  disappears.  The  amputation 
may  be  undertaken  forthwith,  and  the  danger  inseparable  from  a 
general  anaesthetic  is  absent.  It  is  precisely  in  this  group  of  cases  that 
spinal  analgesia  finds  one  of  its  most  brilliant  applications,  and  it 
should  be  employed  in  these  cases  to  the  exclusion  of  general  anaesthesia. 
The  patient  is  so  deeply  under  the  effect  of  the  primary  shock  that 
he  will  be  probably  quite  indifferent  to  the  pain  of  the  lumbar 
puncture. 

It  is  true  that  these  considerations  apply  only  to  the  lower  extremit)', 
and  that  in  the  present  state  of  our  knoVvledge  we  cannot  get  safe  spinal 
analgesia  for  similar  work  in  the  upper  limb.  It  must  be  remembered, 
hoW'Cver,  that  the  shock  is  hardly  ever  so  severe  in  the  case  of  the  upper 
extremity,  and  that  it  will  generally  be  possible  to  use  some  general 
anaesthesia  such  as  ether  here,  provided  that  eucaine,  stovaine,  or  some 
other  local  analgesic  be  injected  into  the  nerve-trunks  and  that  only  the 
smallest  possible  quantity  of  ether  be  used.  The  important  point  is  that 
the  limb  should  be  removed  rapidly,  and  so  a  potent  source  of  prolonga- 
tion of  the  shock  removed. 

Hcvmorrhage,  which  was  formerly  a  serious  danger  in  these  cases, 
is  now  of  little  importance,  owing  partly  to  the  introduction  of 
auc'esthetics,  which  allows  of  greater  deliberation  in  operating,  w-hereby 
it  is  possible  to  secure  the  main  vessels  in  certain  cases  before  dividing 
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them,  and  partly  also  to  the  universal  adoption  of  the  aseptic  treatment 
of  wounds,  as  a  result  of  which  sepsis  and  its  frequent  accompaniment, 
secondary  haemorrhage,  have  become  practically  non-existent.  In  situa- 
tions where  it  is  difficult  or  impossible  to  secure  proper  compression  of 
the  main  vessels  by  a  tourniquet,  such,  for  example,  as  disarticulation 
at  the  hip  and  shoulder  joints,  the  surgeon  can  deliberately  expose  and 
secure  the  vessels  before  he  divides  them,  and  therefore  is  not  obliged 
to  trust  to  digital  compression  by  an  assistant,  as  he  had  to  do  in  former 
times,  when  no  anaesthetic  was  employed  and  the  operation  had  to  be 
done  therefore  with  great  rapidity;  a  serious  risk  of  haemorrhage  is 
thus  avoided. 

Sepsis  should  be  practically  unknown  at  the  present  day,  even  in  the 
most  serious  cases.  Even  when  the  operation  is  practised  near  parts 
that  it  is  impossible  to  sterilize,  it  is  possible  to  avoid  sepsis  altogether 
by  choosing  a  form  of  amputation  in  which  the  cicatrix  is  as  far 
removed  as  possible  from  any  source  of  infection,  as,  for  instance,  dis- 
articulation at  the  hip-joint  by  the  anterior  racket  incision.  It  must  not 
be  forgotten,  however,  that  a  large  amputation,  such  as  one  through  the 
thigh  or  at  the  shoulder,  requires  the  utmost  vigilance  in  avoiding  sepsis, 
and,  should  infection  occur,  the  result  is  likely  to  prove  disastrous, 
gwing  to  the  large  size  of  the  cut  surfaces  and  the  rapidity  with  which 
septic  absorption  takes  place. 

General  principles  underlying  amputations.  Several  other 
important  principles  must  be  remembered  if  an  amputation  is  to  be  per- 
formed with  complete  success.  Chief  among  these  are  the  means  of 
obtaining  a  satisfactory  stump,  the  methods  of  controlling  haemorrhage, 
and  the  general  principles  underlying  the  fashioning  of  flaps.  Besides 
this  there  are  certain  general  rules  to  be  remembered  in  connexion  with 
the  dressing  of  the  wound  and  the  after-treatment  of  the  stump,  includ- 
ing in  this  the  fitting  of  artificial  limbs. 

When,  however,  a  surgeon  sees  a  case  in  which  the  question  of  ampu- 
tation has  obviously  to  be  discussed,  the  first  question  that  he  has  to 
decide  is  whether  amputation  shall  be  performed  or  whether  some  form 
of  conservative  treatment  shall  be  adopted.  Should  he  decide  in  favour 
of  amputation,  the  next  important  step  is  to  formulate  clearly  in  his 
mind  his  reasons  for  choosing  the  particular  form  of  amputation  he 
decides  to  adopt  in  the  case  before  him.  We  shall  consider  these  two 
points  separately.  The  first  one  has  been  discussed  already  in  connexion 
with  the  indications  for  amputation  (see  p.  178),  but  it  will  be  well  to 
recapitulate  them  here. 

Amputation  v.  conservative  treatment.  Amputation  is,  or  should 
be.  always  followed  by  primary  union  and  rapid  convalescence,  and 
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therefore  it  is  suited  for  those  cases  of  tuberculous  disease,  gangrene, 
or  crush-fracture  in  which  the  advanced  age  or  feeble  general  condition 
of  the  patient,  or  the  absence  of  suitable  hygienic  surroundings,  &c., 
makes  it  clear  that  a  prolonged  convalescence  would  probably  extinguish 
the  sufferer's  chances  of  recovery.  Striking  illustrations  of  this  are 
seen  in  the  rapid  and  permanent  restoration  to  health  when  amputation 
has  been  done  for  intractable  suppuration  or  bad  tuberculous  bone- 
disease.  Age  in  itself  is  not  a  bar  to  conservative  treatment,  but  the 
question  of  shock  is  influenced  to  a  large  degree  by  that  of  age,  and 
elderly  patients  bear  severe  shock  badly;  therefore  a  prolonged  and  dif- 
ficult operation,  such,  for  instance,  as  excision  of  one  of  the  large  joints, 
is  likely  to  be  dangerously  severe  in  an  old  patient,  and  an  amputation 
is  much  to  be  preferred. 

The  patient's  occupation  also  has  some  bearing  upon  the  question. 
When  the  adoption  of  conservative  treatment  must  necessarily  involve 
a  long  illness,  possibly  leaving  the  patient  with  a  stiff  limb  that  will  be 
a  hindrance  in  his  daily  work,  it  may  suit  his  purpose  better  to  have 
a  sound  and  thoroughly  useful  stump  instead  of  a  stiff  and  useless  limb. 
An  example  of  this  may  be  seen  in  certain  cases  of  chronic  ulceration 
of  a  varicose  leg,  which  the  most  painstaking  conservative  treatment 
fails  to  keep  healed  for  more  than  a  few  weeks  or  months  at  a  time, 
and  then  only  after  prolonged  confinement  to  bed.  Amputation  in  these 
cases  rids  the  patient  of  a  painful  and  troublesome  sore  at  once,  and 
renders  him  able  to  do  his  work  without  interruption. 

Constitutional  disease,  although  formerly  considered  of  great 
importance,  exerts  but  little  influence  nowadays  in  deciding  the  question 
as  to  whether  amputation  shall  be  performed  or  not;  it  has,  however, 
some  bearing  upon  the  choice  of  the  particular  form  of  amputation 
chosen  (see  p.  i8o). 

The  particular  form  that  the  amputation  shall  take  must  be  influ- 
enced by  a  number  of  considerations.  In  the  first  place,  the  exigencies  of 
the  situation  may  call  urgently  for  one  of  the  more  rapid  and  easy  forms 
of  amputation,  possibly  involving  the  sacrifice  of  portions  of  the  limb 
that  would  otherwise  be  saved  were  the  surgeon  able  to  proceed  more 
deliberately  and  under  more  favourable  circumstances;  good  examples 
of  this  are  met  with  in  military  surgery,  where  rapidity  is  often  all- 
important.  The  sex  of  the  patient  also  occasionally,  but  rarely,  influences 
the  question;  for  example,  in  amputation  of  fingers  the  appearance  of 
the  hand  may  be  of  more  importance  to  a  female  patient  than  its 
strength,  and  the  surgeon  may  therefore  choose  an  operation  designed  to 
restore  the  symmetry  of  the  limb  as  much  as  possible,  in  preference  to 
one  which  has  for  its  object  the  maintenance  of  the  full  strength  of  the 
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hand  so  essential  to  working  men.  The  social  position  or  the  occupation 
of  the  patient  may  also  have  to  be  considered.  In  working  men  a  firm 
basis  of  support,  which  is  capable  of  withstanding  all  the  pressure  to 
which  the  stump  is  likely  to  be  exposed,  is  of  primary  importance;  in 
well-to-do  patients,  on  the  other  hand,  for  whom  all  the  resources  of 
the  instrument-maker's  art  can  be  invoked,  length  of  stump  or  strength 
of  limb  may  be  sacrificed  to  improved  appearance.  Disarticulation 
through  the  knee-joint,  for  example,  furnishes  a  most  serviceable  stump 
suitable  for  working  men,  but  it  is  disliked  by  instrument-makers 
because  of  the  impossibility  of  fitting  it  with  an  artificial  limb  that 
shall  have  the  artificial  knee-joint  on  the  same  level  as  the  natural 
one. 

In  amputations  of  the  hand  and  fingers  the  greatest  conservatism 
should  be  enforced — even  a  part  of  a  thumb  is  of  much  greater  value 
than  any  form  of  mechanical  appliance.  A  single  finger  may  be  removed 
completely  for  cosmetic  purposes  if  others  are  left,  but  when  several 
fingers  are  involved,  every  fragment  must  be  saved,  since  the  adaptation 
of  these  stumps  to  functional  purposes  is  most  remarkable. 

The  most  important  point,  however,  in  the  majority  of  cases  is  to 
adopt  whatever  form  of  amputation  will  give  the  patient  a  perfectly 
sound  stump  and  at  the  same  time  will  entail  the  least  sacrifice  of  parts. 
The  longer  the  limb  the  better  is  the  functional  power  afterwards,  as 
a  rule;  but  this  point  must  be  subordinated  to  the  necessity  of  securing 
a  good  stump.  It  will  be  necessary,  therefore,  to  consider  the  qualities 
of  a  good  and  the  defects  of  a  faulty  stump. 

The  characters  of  a  good  stump.  A  good  stump  will  be  of  proper 
shape,  sound  and  healthy,  and  it  must  be  as  serviceable  to  the  patient 
as  it  is  possible  to  make  it,  so  that  when  fitted  with  an  artificial 
limb  it  will  attain  the  maximum  of  usefulness. 

A  stump  cannot  be  sound  and  healthy  unless  it  possesses  properly 
proportioned  covering  for  the  end  of  the  bone.  If  the  flaps  be  cut  too 
short  they  can  only  be  made  to  meet  over  the  bone  with  a  certain  amount 
of  tension,  and  this  causes  them  to  become  adherent  and  painful.  On 
the  other  hand,  if  the  flaps  be  too  long,  the  fault,  although  not  so  vital 
as  the  opposite  condition,  nevertheless  is  somewhat  serious,  as  it  not 
only  may  endanger  the  vitality  of  the  parts  from  defective  blood-supply, 
but  it  necessitates  drainage  for  a  longer  period,  and  a  considerable  time 
must  elapse  before  the  parts  shrink  and  become  sufficiently  consolidated 
to  bear  the  proper  amount  of  pressure.  These  remarks  apply  especially 
to  amputations  in  the  lower  extremities,  but  they  are  also  applicable  in 
some  degree  to  amputations  in  the  upper  limb.  The  soft  parts  should 
be  freely  movable  over  the  end  of  the  bone,  and  the  cicatrix  itself  should 
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not  be  bound  down  to  that  structure.  A  scar  closely  adherent  to  the 
bone  is  a  constant  source  of  trouble  and  inconvenience,  as  it  is  always 
liable  to  ulceration  from  direct  pressure  or  from  friction  between  the 
bone  and  the  artificial  limb.  Moreover,  an  adherent  scar  is  likely  to 
be  unduly  sensitive  from  the  irritation  of  nerve-ends  which  are  caught 
in  it,  and  it  is  not  at  all  uncommon  for  cases  of  adherent  cicatrix  to 
require  a  secondary  amputation  for  the  relief  of  this  condition.  At  the 
end  of  the  operation  the  flaps  should  come  together  without  the  least 
sign  of  tension,  because  a  certain  amount  of  retraction  takes  place  during 
healing,  and  flaps  that  can  only  just  be  made  to  meet  at  the  time  of 
the  operation  are  likely  to  give  trouble  at  a  later  period;  the  flaps  are 
pressed  against  the  end  of  the  bone  and  are  thereby  irritated,  an  undue 
amount  of  granulation  tissue  forms  as  a  result  of  this,  and  stiff  adherent 
flaps  ensue.  The  end  of  the  stump  should  be  firm  in  consistency,  and, 
as  far  as  possible,  symmetrical  in  shape,  as  this  greatly  facilitates  the 
fitting  of  a  satisfactory  artificial  limb. 

In  fashioning  the  flaps  due  regard  must  be  paid  to  the  region  of  the 
stump  upon  which  pressure  will  have  to  be  borne  when  an  artificial 
apparatus  is  fitted,  and  an  effort  should  always  be  made  to  provide  that 
surface,  if  possible,  from  the  surface  of  the  limb  best  calculated  to  bear 
pressure.  Thus,  for  instance,  the  tissues  of  the  sole  of  the  foot,  the 
palm  of  the  hand,  or  the  extensor  surfaces  of  the  lower  extremity,  stand 
pressure  more  satisfactorily  than  do  the  tissues  on  the  opposite  aspects 
of  the  limb.  Again,  it  must  not  be  forgotten  that  a  stump  is  not  likely 
to  be  satisfactory  unless  its  vascular  supply  is  good,  and  no  form  of 
amputation  should  be  entertained  that  does  not  provide  for  this.  This 
point  is  not  of  much  importance  in  healthy  subjects,  as  almost  any  form 
of  amputation  will  be  followed  by  satisfactory  union  in  aseptic  cases, 
but  in  diseased  conditions  it  is  of  primary  importance  not  to  amputate 
through  a  region  in  which  the  blood-supply  is  likely  to  be  insufficient 
for  the  needs  of  the  tissues.  In  senile  gangrene,  for  instance,  amputa- 
tion through  the  foot  or  the  leg  is  very  likely  to  be  followed  by  sloughing 
of  the  flaps  from  insufficient  blood-supply,  whereas  an  amputation 
through  the  knee-joint  will  probably  be  successful  owing  to  the  more 
abundant  vascularity  in  the  latter  situation.  The  blood-supply  of  the 
flaps  may  also  be  interfered  with  after  the  operation  by  undue  pressure 
from  the  splint  or  by  too  tight  bandaging.  Lastly,  when  skin  flaps  are 
being  raised  their  blood-supply  must  not  be  imperilled,  as  it  easily  may 
be,  by  raising  the  skin  only  and  leaving  the  deep  fascia  behind,  and  the 
edge  of  the  knife  must  always  be  kept  at  right  angles  to  the  surface 
that  is  being  cut,  so  as  to  avoid  undercutting  the  flaps  and  damaging  the 
blood-supply.     In  certain  amputations,  such  as  Syme's,  it  is  easy  for  a 
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careless  operator  to  prick  the  posterior  tibial  artery,  which  is  the  main 
source  of  blood-supply  to  the  flap,  and  thus  endanger  its  vitality. 

The  position  and  characters  of  the  cicatrix  are  also  matters,  of 
importance,  for  there  are  few  complications  after  amputation  worse  than 
a  persistently  painful  scar.  Stress  has  been  already  laid  on  the  impor- 
tance of  cutting  the  flaps  so  as  to  obviate  this  complication,  and  atten- 
tion has  been  drawn  to  the  fact  that  the  flaps  must  be  so  planned  that 
the  cicatrix  lies  out  of  the  way  of  any  pressure  to  which  the  stump  may 
be  exposed  when  the  patient  is  fitted  with  an  artificial  limb. 

Another  matter  of  some  importance  is  that  the  divided  bone-ends 
should  always  be  fashioned  so  as  to  enable  them  to  bear  pressure  with- 
out causing  irritation  to  the  soft  parts  covering  them.  Thus,  for 
instance,  in  a  Syme's  amputation  the  malleoli  are  cut  off  in  order  to 
provide  a  horizontal  surface  upon  which  the  limb  can  rest.  In  other 
amputations  sharp  edges  and  spicules  of  bone  are  clipped  away,  and  the 
sharp  crest  of  the  tibia  is  always  bevelled  off.  To  some  extent  this 
rounding-off  process  occurs  in  all  cases  of  amputation,  the  medullary 
canal  being  plugged  by  a  firm  mass  of  bony  or  fibrous  tissue,  but  careful 
management  is  necessary  to  obtain  the  best  results  in  the  shortest  time. 
The  entire  shaft  of  the  divided  bone  wastes  considerably  unless  the 
weight  of  the  limb  is  transmitted  directly  through  it. 

In  this  connexion  it  is  perhaps  well  to  consider  the  question  of  the 
formation  of  a  cuff  of  periosteum,  which  was  originally  introduced  with 
the  object  of  closing  in  the  medullary  canal,  and  so  preventing  sepsis 
from  spreading  along  it.  In  this  method  the  periosteum  is  first  peeled 
back  and  then  drawn  over  the  end  of  the  bone.  If  properly  done,  this  pro- 
cedure will  end  in  producing  a  callus  around  the  cut  end  of  the  bone 
that  will  aid  materially  in  weight  bearing.  In  many  cases,  however, 
small  fragments  of  periosteum  become  shredded  and  displaced  and 
favour  the  development  of  spicules  of  bone,  thus  producing  the  very  con- 
ditions it  is  desired  to  avoid.  When  the  indications  call  for  the  simplest 
effective  technic,  the  periosteum  and  the  bone  should  be  divided  in  the 
same  plane,  and  care  taken  to  remove  any  periosteal  shreds  present. 
Clinical  results  seem  to  indicate,  however,  that  the  aperiosteal  method 
(Bunge)  is  more  likely  to  give  an  end-bearing  stump,  even  in  the  pres- 
ence of  infection. 

In  this  method  i  cm.  of  the  periosteum  is  removed  from  the  end  of 
the  bone  and  the  marrow  curretted  out  for  the  same  distance.  Care 
must  be  taken  not  to  remove  too  much  of  either  the  periosteum  or  the 
marrow  in  order  to  avoid  the  danger  of  a  localized  osteomyelitis  in  the 
end  of  the  shaft.  The  osteoplastic  method  seems  to  offer  an  ideal 
technic  but  it  is  obviously  unsuited  to  any  other  than  ideal  conditions. 
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The  characters  of  a  faulty  stump.  A  stump  may  be  unsatisfactory 
for  many  reasons.  If  the  flaps  be  cut  too  short  the  skin  will  be  scanty, 
and  may  be  so  stretched  that  its  circulation  is  interfered  with  and  it  is 
permanently  ill  nourished.  A  similar  result  may  follow  sloughing  of 
flaps  which  were  originally  quite  long  enough;  the  remainder  becomes 
tightly  stretched  over  the  end  of  the  bone.  The  scar  also  may  be  a 
source  of  discomfort,  pain,  or  danger.  If  it  is  exposed  directly  to 
pressure  from  the  artificial  limb  and  is  thereby  constantly  irritated,  it  will 
break  down  and  ulcerate  or  become  warty  or  hypertrophic,  and  eventually 
may  be  the  starting-point  of  an  epithelioma.  An  ulcerating  cicatrix 
may  occur  in  a  stump  in  which  the  flaps  have  been  cut  too  short;  it  is 
also  occasionally  met  with  after  an  amputation  done  through  badly  nour- 
ished tissues,  as  in  cases  of  infantile  paralysis.  A  painful  stump  is 
another  source  of  great  suffering  to  the  patient.  The  most  common 
cause  of  this  condition  is  the  implication  of  the  severed  ends  of  the  main 
nerves  in  the  cicatrix;  these  become  bulbous,  and  intense  pain  is  experi- 
enced on  the  slightest  pressure,  so  that  it  is  impossible  for  an  artificial 
limb  to  be  worn.  A  similar  condition  may  follow*  septic  mischief  in 
the  stump.  This  can  be  avoided  if  the  nerve  be  drawn  down  out  of  its 
sheath  and  at  least  an  inch  excised.  Ritter  has  suggested  that  in  addi- 
tion a  A  -shaped  piece  be  cut  out  of  the  end,  so  that  it  appears  like  a  fish 
tail.     This  is  a  valuable  addition. 

Conical  stump.  In  former  days  this  was  a  fairly  common  sequela 
of  amputation,  and  it  is  occasionally  met  with  even  now.  The  amputa- 
tion stump,  which  was  satisfactory  at  the  time  of  operation,  becomes 
shrunken  and  pointed,  the  end  of  the  bone  forming  the  apex  of  the  cone 
and  being  adherent  to  the  cicatrix,  which  is  often  tender,  painful,  and 
ulcerated.  As  time  goes  on,  this  condition  increases  in  severity,  and 
often  ends  in  exposure  and  necrosis  of  the  bone-ends,  so  that  the  only 
remedy  is  to  re-amputate  higher  up.  It  is  sufficient  to  mention  the  causes 
of  this  condition  to  indicate  the  means  of  avoiding  it.  Perhaps  the 
commonest  cause  is  cutting  the  flaps  too  short  at  the  time  of  the  opera- 
tion, so  that  they  can  only  be  drawn  together  with  considerable  tension; 
healing  may  take  place  satisfactorily,  but  during  the  consolidation  of 
the  stump  a  certain  amount  of  shortening  of  the  skin  and  muscles  takes 
place,  resulting  in  the  formation  of  the  conical  stump.  Another  cause 
is  sloughing  in  an  otherwise  correctly  fashioned  stump;  this  is  a  less 
frequent  cause  than  it  was  formerly.  Apart  from  these  two  causes 
there  are  cases,  especially  in  growing  children,  in  which  the  amputation 
stump,  although  quite  satisfactory  at  the  time  of  the  operation  and 
during  the  period  of  healing,  becomes  conical  as  time  goes  on;  this  is 
owing  partly  to  the  continued  retraction  of  the  muscles,  but  probably 
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mainly  to  the  excessive  growth  of  the  bone  out  of  all  proportion  to  the 
rest  of  the  soft  parts.  This  condition  only  occurs  in  growing  subjects, 
and  can  only  be  guarded  against  by  making  the  flaps  full  long  at  the 
time  of  the  operation.  It  is  not,  however,  a  condition  of  such  serious- 
ness, as  it  is  easy  to  amputate  higher  up  when  the  degree  of  conicity  of 
the  stump  is  so  great  as  to  threaten  ulceration  of  the  scar  over  the  bone, 
or  when  the  growing  period  has  ceased,  after  which  the  condition  will 
not  recur.  Before  that  time,  however,  recurrence  of  a  conical  stump 
has  been  known  after  a  second  or  even  a  third  amputation. 

Methods  of  controlling  haemorrhage.  Many  methods  are  em- 
ployed to  control  bleeding  during  an  amputation;  they  may  be  classified  as 
follows : — 

(i)  Digital  compression.  This  is  the  simplest  plan  of  all,  and  is  in 
common  use  for  the  smaller  amputations,  such  as  those  of  the  fingers, 
in  which  the  circulation  can  be  efficiently  controlled  by  gripping  the 
lateral  surfaces  of  the  digit  firmly  between  the  thumb  and  forefinger 
so  as  to  occlude  the  digital  vessels. 

Digital  compression  was  frequently  employed  in  former  times  in 
amputations  so  high  up  the  limb  that  a  tourniquet  could  not  be  used 
because  of  the  risk  of  its  slipping.  In  disarticulations  at  the  hip  and 
shoulder  joints,  for  instance,  it  was  usual  to  have  the  main  vessel  con- 
trolled by  the  fingers  of  an  assistant.  This  was  done  by  pressure  made 
over  the  skin  or  through  an  incision  directly  over  the  vessel.  It  is 
needless  to  say  that  to  render  this  uncertain  method  safe  a  skilled 
assistant  is  required  whose  fingers  will  not  get  tired;  it  is  very  difficult 
to  maintain  efficient  pressure  for  any  length  of  time,  and  the  least 
relaxation  of  pressure  may  give  rise  to  dangerous  bleeding.  If 
digital  compression  be  employed  the  surgeon  must  perform  his 
amputation  rapidly,  and  hence  it  has  fallen  largely  into  disuse  now 
that  rapidity  is  no  longer  regarded  as  one  of  the  chief  essentials  in 
amputating. 

Another  method  of  digital  compression,  namely  that  in  which  the 
assistant  slipped  his  fingers  beneath  the  flap  containing  the  main  vessels 
as  the  surgeon  cut  it,  and  compressed  the  vessels  in  it  between  his 
thumbs  and  fingers,  has  almost  disappeared  from  present-day  practice, 
largely  owing  to  the  abandonment  of  amputations  by  transfixion.  Like 
the  previous  method,  this  requires  a  skilled  assistant  thoroughly  used 
to  perform  the  responsible  duty  entrusted  to  him. 

(ii)  Temporary  ligature.  A  substitute  for  digital  compression  that 
has  come  into  vogue  recently  is  the  use  of  a  temporary  ligature  applied 
to  the  main  vessel.  Thus,  for  instance,  in  disarticulation  at  the  hip  or 
shoulder  the  common  femoral  or  the  subclavian  vessels  may  be  exposed, 
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and  a  loop  of  silk  or  tape  passed  around  them;  traction  upon  this  loop 
kinks  and  occludes  the  vessels,  and  it  is  easy  to  maintain  this  traction 
throughout  the  operation.  The  method  is  perfectly  effectual  in  arresting 
the  circulation,  and  experiments  show  that  a  temporary  ligature  of  this 
kind  does  no  appreciable  damage  to  the  vessel-wall.  Under  certain  cir- 
cumstances, as,  for  instance,  where  special  apparatus  is  not  available, 
the  method  may  be  made  use  of.  It  has  the  obvious  disadvantage  that 
it  entails  an  extension  of  the  original  operation,  in  that  a  separate  inci- 
sion is  required  to  expose  the  vessels  alx)ve  the  point  at  which  they  will 
be  divided;  both  the  artery  and  its  companion  vein  should  be  included 
in  the  ligature.  When  the  main  vessels  have  been  ligatured  on  the  face 
of  the  stump,  the  temporary  ligature  is  withdrawn  and  the  wound  made 
for  its  passage  round  the  vessel  is  sutured. 

(iii)  Preliminary  permanent  ligature  of  the  main  vessels.     This 

method  forms  an  integral  part  of  certain  operations,  such  as  disarticula- 
tion at  the  hip  by  the  anterior  racket  method,  and  also  in  Spence's  dis- 
articulation at  the  shoulder  as  it  is  usually  practised  nowadays.  The 
main  vessels,  both  arteries  and  veins,  are«exposed  by  an  incision  which 
subsequently  forms  part  of  the  amputation  incision,  and  are  secured  and 
divided  between  two  ligatures;  the  cut  ends  are  then  turned  out  of  the 
way,  and  the  amputation  is  proceeded  with.  This  is  an  exceedingly 
valuable  method,  particularly  in  disarticulation  at  the  hip,  as  ligature  of 
the  common  femoral  controls  nearly  all  the  bleeding  from  the  flaps,  and 
in  addition  the  vessel  is  easily  exposed  and  tied,  while  it  is  not  easy  to 
secure  it  with  certainty  by  any  other  means. 

(iv)  Circular  constriction  of  the  limb.  This  very  old  method  has 
been  simplified  and  improved  by  Esmarch.  In  its  original  form  a  band 
encircling  the  limb  and  provided  with  a  screw-down  apparatus  which 
could  exert  direct  pressure  over  the  main  artery,  was  applied  circularly 
round  the  limb  at  the  desired  level.  As  this  form  of  tourniquet  depends 
for  its  efficacy  upon  the  correct  application  of  the  pressure  pad  over  the 
artery,  and  as  it  is  quite  possible  that  this  may  slip  during  the  course 
of  the  operation,  the  method  has  manifest  drawbacks,  and  Esmarch*s 
plan  of  arresting  the  circulation  entirely  by  stretching  an  indiarubber 
cord  transversely  around  the  limb  is  in  all  ways  preferable.  Esmarch 
used  the  rubber  cord  in  conjunction  with  an  elastic  bandage  wound 
spirally  up  the  limb  from  the  extremity  to  the  level  at  which  the  trans- 
verse ligature  was  to  be  applied;  this  was  done  with  the  view  of  emptying 
the  limb  of  blood  as  far  as  possible,  and  so  preserving  to  the  patient  an 
amount  that  would  otherwise  have  been  lost.  This  plan  is  excellent  in 
all  cases  except  those  in  which  the  spiral  compression  of  the  limb  is  likely 
to   drive  other  substances  than   blood  back  into  the  circulation,   for 


METHODS  OF  CONTROLLING  HEMORRHAGE        193 

example,  infective  organisms  or  growth.  In  these  cases  a  simpler  plan 
is  that  recommended  by  Lord  Lister,  who  found  that  by  elevating  the 
limb  for  about  five  minutes  without  employing  any  compression 
at  all,  the  extremity  became  bloodless  from  reflex  contraction  of  the 
vessels,  and  the  object  aimed  at  by  Esmarch  was  attained  without 
danger. 

The  circular  indiarubber  band  is  put  on  the  stretch  before  it  is 
applied,  and  its  centre  is  placed  over  the  main  artery  of  the  limb  and  the 
rest  of  the  band  is  then  wound  firmly  round  the  limb  three  or  four  times, 
the  ends  being  tied  together  or  secured  in  forceps.  The  band  should 
be  sterilized  by  boiling,  and  its  thickness  will  vary  with  the  size,  of  the 
limb  to  which  it  is  to  be  applied;  a  stouter  band  will  be  required  for 
the  thigh  than  for  the  upper  arm.  Unless  the  surgeon  has  enough  assist- 
ants to  allow  him  to  tell  off  one  especially  to  look  after  the  tourniquet 
and  nothing  else,  the  part  of  the  limb  to  which  the  band  is  to  be  applied 
should  be  purified  as  carefully  as  the  actual  area  of  operation ;  it  is  neces- 
sary to  loosen  the  tourniquet  during  the  operation,  and  the  risk  of 
infecting  the  flaps  will  be  very  great  unless  this  part  of  the  limb  has  been 
made  aseptic.  The  bandage  should  be  applied  round  either  the  thigh  or 
the  upper  arm,  and  not  the  forearm  or  leg;  in  the  latter  situations  the 
vessels  lie  deep  between  the  two  bones  which  protect  them  from  com- 
pression. Some  experience  is  needed  to  apply  the  tourniquet  efficiently 
without  damaging  the  structures  that  it  compresses;  if  it  be  wound  too 
tight,  thrombosis  of  the  vein  or  damage  to  the  nerves  may  occur.  It 
should  \ye  applied  just  tightly  enough  to  arrest  the  arterial  circulation, 
as  tested  by  feeling  the  pulse  below.  Another  useful  application  of  this 
tourniquet  is  as  a  figure-of-eight  around  the  groin  and  pelvis  in  dis- 
articulations at  the  hip,  such  as  Furneaux  Jordan's. 

This  method  is  very  useful  and  of  wide  application;  it  requires  no 
expert  assistance  or  elaborate  apparatus,  and  its  chief  disadvantage  is 
that  it  is  not  applicable  to  amputations  higher  up  than  the  middle  of  the 
thigh  or  upper  arm.  It  is  apt  to  give  rise  to  rather  persistent  oozing 
when  its  pressure  is  relaxed,  due  apparently  to  the  vaso-motor  paralysis 
that  it  necessarily  produces.  In  order  to  minimize  this  inconvenience 
the  tourniquet  should  be  removed  as  soon  as  the  main  vessels  have  been 
secured  on  the  face  of  the  stump;  by  the  time  that  the  ligatures  have 
all  been  appliied  the  oozing  will  probably  have  ceased. 

(v)  Haemostasis  by  special  apparatus.  Much  ingenuity  has  been 
expended  in  devising  mechanical  methods  for  preventing  haemorrhage 
when  an  Esmarch  bandage  is  inapplicable.  The  most  difficult  cases  are 
disarticulations  at  the  hip  and  shoulder  joints,  and  various  special 
forms  of  apparatus  have  been  invented   for  use  in  these  operations. 
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and  a  loop  of  silk  or  tape  passed  around  them;  traction  upon  this  loop 
kinks  and  occludes  the  vessels,  and  it  is  easy  to  maintain  this  traction 
throughout  the  operation.  The  method  is  perfectly  effectual  in  arresting 
the  circulation,  and  experiments  show  that  a  temporary  ligature  of  this 
kind  does  no  appreciable  damage  to  the  vessel-wall.  Under  certain  cir- 
cumstances, as,  for  instance,  where  special  apparatus  is  not  available, 
the  method  may  be  made  use  of.  It  has  the  obvious  disadvantage  that 
it  entails  an  extension  of  the  original  operation,  in  that  a  separate  inci- 
sion is  required  to  expose  the  vessels  alx)ve  the  point  at  which  they  will 
be  divided;  both  the  artery  and  its  companion  vein  should  be  included 
in  the  ligature.  When  the  main  vessels  have  been  ligatured  on  the  face 
of  the  stump,  the  temporary  ligature  is  withdrawn  and  the  wound  made 
for  'its  passage  round  the  vessel  is  sutured. 

(iii)  Preliminary  permanent  ligature  of  the  main  vessels.     This 

method  forms  an  integral  part  of  certain  operations,  such  as  disarticula- 
tion at  the  hip  by  the  anterior  racket  method,  and  also  in  Spence's  dis- 
articulation at  the  shoulder  as  it  is  usually  practised  nowadays.  The 
main  vessels,  both  arteries  and  veins,  are  ^exposed  by  an  incision  which 
subsequently  forms  part  of  the  amputation  incision,  and  are  secured  and 
divided  between  two  ligatures;  the  cut  ends  are  then  turned  out  of  the 
way,  and  the  amputation  is  proceeded  with.  This  is  an  exceedingly 
valuable  method,  particularly  in  disarticulation  at  the  hip,  as  ligature  of 
the  common  femoral  controls  nearly  all  the  bleeding  from  the  flaps,  and 
in  addition  the  vessel  is  easily  exposed  and  tied,  while  it  is  not  easy  to 
secure  it  with  certainty  by  any  other  means. 

(iv)  Circular  constriction  of  the  limb.  This  very  old  method  has 
been  simplified  and  improved  by  Esmarch.  In  its  original  form  a  band 
encircling  the  limb  and  provided  with  a  screw-down  apparatus  which 
could  exert  direct  pressure  over  the  main  artery,  was  applied  circularly 
round  the  limb  at  the  desired  level.  As  this  form  of  tourniquet  depends 
for  its  efficacy  upon  the  correct  application  of  the  pressure  pad  over  the 
artery,  and  as  it  is  quite  possible  that  this  may  slip  during  the  course 
of  the  operation,  the  method  has  manifest  drawbacks,  and  Esmarch's 
plan  of  arresting  the  circulation  entirely  by  stretching  an  indiarubber 
cord  transversely  around  the  limb  is  in  all  ways  preferable.  Esmarch 
used  the  rubber  cord  in  conjunction  with  an  elastic  bandage  wound 
spirally  up  the  limb  from  the  extremity  to  the  level  at  which  the  trans- 
verse ligature  was  to  be  applied;  this  was  done  with  the  view  of  emptying 
the  limb  of  blood  as  far  as  possible,  and  so  preserving  to  the  patient  an 
amount  that  would  otherwise  have  been  lost.  This  plan  is  excellent  in 
all  cases  except  those  in  which  the  spiral  compression  of  the  limb  is  likely 
to   drive  other   substances  than  blood   back   into   the  circulation,    for 
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example,  infective  organisms  or  growth.  In  these  cases  a  simpler  plan 
is  that  recommended  by  Lord  Lister,  who  found  that  by  elevating  the 
limb  for  about  five  minutes  without  employing  any  compression 
at  all,  the  extremity  became  bloodless  from  reflex  contraction  of  the 
vessels,  and  the  object  aimed  at  by  Esmarch  was  attained  without 
danger. 

The  circular  indiarubber  band  is  put  on  the  stretch  before  it  is 
applied,  and  its  centre  is  placed  over  the  main  artery  of  the  limb  and  the 
rest  of  the  band  is  then  wound  firmly  round  the  limb  three  or  four  times, 
the  ends  being  tied  together  or  secured  in  forceps.  The  band  should 
be  sterilized  by  boiling,  and  its  thickness  will  vary  with  the  size,  of  the 
limb  to  which  it  is  to  be  applied;  a  stouter  band  will  be  required  for 
the  thigh  than  for  the  upper  arm.  Unless  the  surgeon  has  enough  assist- 
ants to  allow  him  to  tell  off  one  especially  to  look  after  the  tourniquet 
and  nothing  else,  the  part  of  the  limb  to  which  the  band  is  to  be  applied 
should  be  purified  as  carefully  as  the  actual  area  of  operation;  it  is  neces- 
sary to  loosen  the  tourniquet  during  the  operation,  and  the  risk  of 
infecting  the  flaps  will  be  very  great  unless  this  part  of  the  limb  has  been 
made  aseptic.  The  bandage  should  be  applied  round  either  the  thigh  or 
the  upper  arm,  and  not  the  forearm  or  leg;  in  the  latter  situations  the 
vessels  lie  deep  between  the  two  bones  which  protect  them  from  com- 
pression. Some  experience  is  needed  to  apply  the  tourniquet  efficiently 
without  damaging  the  structures  that  it  compresses;  if  it  be  wound  too 
tight,  thrombosis  of  the  vein  or  damage  to  the  nerves  may  occur.  It 
should  be  applied  just  tightly  enough  to  arrest  the  arterial  circulation, 
as  tested  by  feeling  the  pulse  below.  Another  useful  application  of  this 
tourniquet  is  as  a  figure-of-eight  around  the  groin  and  pelvis  in  dis- 
articulations at  the  hip,  such  as  Furneaux  Jordan's. 

This  method  is  very  useful  and  of  wide  application;  it  requires  no 
expert  assistance  or  elaborate  apparatus,  and  its  chief  disadvantage  is 
that  it  is  not  applicable  to  amputations  higher  up  than  the  middle  of  the 
thigh  or  upper  arm.  It  is  apt  to  give  rise  to  rather  persistent  oozing 
when  its  pressure  is  relaxed,  due  apparently  to  the  vaso-motor  paralysis 
that  it  necessarily  produces.  In  order  to  minimize  this  inconvenience 
the  tourniquet  should  be  removed  as  soon  as  the  main  vessels  have  been 
secured  on  the  face  of  the  stump;  by  the  time  that  the  ligatures  have 
all  been  appli^ed  the  oozing  will  probably  have  ceased. 

(v)  Haemostasis  by  special  apparatus.  Much  ingenuity  has  been 
expended  in  devising  mechanical  methods  for  preventing  hc-emorrhage 
when  an  Esmarch  bandage  is  inapplicable.  The  most  difficult  cases  are 
disarticulations  at  the  hip  and  shoulder  joints,  and  various  special 
forms  of  apparatus  have  been  invented   for  use  in  these  operations. 
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None  of  these  are  wholly  satisfactory,  and,  inasmuch  as  they  all  involve 
small  preliminary  operations  for  their  proper  application,  they  do  not 
seem  to  offer  any  material  advantage  over  the  more  certain  method  of 
ligaturing  the  main  vessels  before  the  actual  amputation  is  undertaken 
or,  when  that  is  impossible,  of  securing  the  main  trunk  above  by  means 
of  a  temporary  ligature.  The  only  real  advantage  that  these  forms  of 
apparatus  possess  is,  that  they  enable  the  surgeon  to  dispense  with  a 
certain  amount  of  extra  assistance. 

Pressure  Forceps  of  Lynn  Thomas,     This  is  a  convenient  method 
of  temporary  compression  that  resembles  Esmarch's  bandage  in  so  far 


Fig.  35.  Lynn  Thomas's  Haemostatic  Forceps.  The  probe-pointed  blade 
underruns  the  tissues  to  be  compressed;  the  flat  grooved  one  exerts  pressure 
over  the  skin  externally.  The  hollow  tube  figured  below  is  only  used  on  the 
battle-field  to  protect  the  probe-pointed  blade  from  contamination. 


as  it  compresses  certain  portions  of  the  stump  tissues  en  masse.  The 
forceps  designed  by  Mr.  Lynn  Thomas  {Brit,  Med,  Journ,,  1904)  (see 
Fig-  35)  hsve  one  blade  smooth  and  the  other  serrated,  and  have  a  catch 
by  means  of  which  they  can  be  made  to  exert  considerable  pressure. 
The  smooth  blade  is  inserted  through  a  small  hole  in  the  skin  and 
pushed  well  beneath  the  vessel  or  vessels  that  it  is  desired  to  occlude 
temporarily.  The  serrated  blade  remains  outside  the  limb,  and  any 
desired  amount  of  compression  can  be  exerted  by  clamping  the  handles 
together  so  that  the  vessel  and  the  soft  parts  around  it,  together  with 
the  skin,  are  clamped  between  the  blades  of  the  forceps.  It  is  however 
not  essential  to  employ  special  forceps  for  this  purpose  as  various  forms 
of  intestinal  clamp-forceps  answer  the  purpose  admirably.  The  forceps 
should  be  thrust  through  the  skin  as  high  up  as  possible  above  the  base 
of  the  flap;  their  pressure  is  relaxed  and  they  are  removed  when  the 
main  vessels  have  been  controlled. 

These  forceps  seem  to  have  a  definite  sphere  of  usefulness,  and  may 
well  take  their  place  as  a  necessary  part  of  the  surgeon's  amputation 
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outfit.  They  can  be  used  when  it  is  impossible  to  employ  a  rubber 
tourniquet,  and  they  have  the  great  advantage  over  the  latter  that  there 
is  no  fear  of  their  perishing  from  want  of  use,  which  is  such  a  great 
drawback  to  Esmarch's  bandage;  they  are  also  said  to  give  rise 
to  much  less  persistent  oozing  after  removal,  and  that  only  from  the 
skin. 

IVyelh's  Pins.  Wyeth  introduced  the  pins  called  by  his  name  in 
order  to  widen  the  range  of  usefulness  of  Esmarch's  rublier  band,  which 
they  prevent  from  slipping  when  applied  high  up  around  the  thigh,  as 


Fig.  36.  Wyeth's  Pins.  On  the  outer  side  the  tensor  fascix  femoris  is 
transfixed  by  the  stout  pin  shown  in  the  drawing,  the  sharp  end  of  which  is 
guarded  by  rubber  or  cork.  On  the  inner  side  most  of  the  adductors  may  be 
transfixed  so  as  to  supply  a  firm  basis  of  support  which  will  prevent  the  circularly 
applied  rubber  band  from  slipping.  It  is  usual  in  addition  to  apply  a  pad  over  the 
femoral  and  gluteal  arteries  beneath  the  rubber  band. 

for  disarticulation  at  the  hip-joint.  They  are  stout  steel  pins  or 
skewers  which  are  made  to  transfix  the  soft  parts,  one  on  the  outer 
and  one  on  the  inner  side  of  the  limb.  Above  the  pins  the  rubber  band 
is  drawn  around  the  hmb  as  tightly  as  possible;  the  method  is  very 
similar  to  that  of  the  transfixion  pins  used  to  prevent  the  ecraseur  from 
slipping  in  former  days.  The  pins  should  transfix  about  three  inches 
of  the  skin  with  the  subjacent  muscle,  and  should  be  long  enough  to 
project  alxnit  three  inches  on  either  side,  and  stout  enough  to  hear  the 
strain   of   the   rubber   band   alwve   them   without   snapping.      One   end 
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should  be  sharp,  and  the  other  furnished  with  some  form  of  handle  by 
which  they  can  be  driven  through  the  skin.  They  should  go  well  into 
the  muscles,  but  should  be  applied  at  some  part  where  no  important 
structure  is  likely  to  be  transfixed.  It  is  quite  immaterial  on  which  side 
of  the  limb  they  are  placed;  the  surgeon  will  be  guided  by  the  demands 
of  the  individual  case.  In  a  disarticulation  at  the  hip  the  most  con- 
venient spots  will  be  beneath  the  anterior  superior  spine,  transfixing  the 
tensor  fasciae  femoris  on  the  outer  side  and  the  adductor  longus,  just 
below  the  fold  of  the  groin  on  the  inner  side  (see  Fig.  36). 

It  is  important  to  remember  that  the  divided  vessels  should  be 
secured  at  the  end  of  the  first  stage  of  the  amputation  before  disarticu- 
lation is  commenced,  as  otherwise  the  vessels  may  retract  out  of  the 
way  and  bleed  in  spite  of  the  tourniquet  when  the  support  given  by  the 
head  of  the  bone  has  been  lost. 

Methods  of  fashioning  flaps.  The  circular  amputation.  The 
circular  method  is  the  parent  of  all  the  amputations  that  have  since  been 
practised.  It  is  obviously  the  quickest  and  simplest  form,  and  when 
the  soft  parts  are  damaged  up  to  the  same  level  on  the  two  sides  of  a 
limb  it  allows  the  bone  to  be  sawn  nearer  to  the  area  of  damage  than 
does  any  other;  it  is  therefore  very  economical.  The  cut  surface  it 
leaves  is  smaller  than  that  in  any  other  amputation,  and  the  blood  supply 
of  the  flaps  is  good,  all  the  vessels  being  cut  at  right  angles  to  their 
long  axis. 

While  this  method  had  been  largely  abandoned  before  the  war,  the 
exigencies  of  profound  infection,  shock,  and  great  debility  have  brought 
it  into  favourable  notice  again  with  this  modification,  that  the  amputation 
is  performed  without  any  attempt  to  suture  over  the  end,  this  being  left 
for  subsequent  attention.  This  so-called  Guillotine  operation  Kelly  says 
possesses  sufficient  advantages  in  severely  infected  cases  to  recommend 
it  over  the  usual  flap  operations. 

1.  It  lessens  shock  by  (a)  shortening  the  time  of  operation;  (b)  per- 
mitting amputation  at  the  lowest  possible  level. 

2.  It  decreases  the  danger  from  infection  by  (a)  exposing  the  least 
possible  extent  of  raw  surface;  (&)  avoiding  the  impairment  of  the 
circulation  incident  to  the  formation  of  flaps. 

3.  It  is  also  said  to  lessen  the  risk  of  secondary  haemorrhage. 

Its  indications  are  stated  to  l^e  gaseous,  gangrene,  and  certain  cases  of 
compound  comminuted  fracture  and  of  multiple  wounds. 

The  skin  and  deep  fascia  are  divided,  usually  in  circular  fashion,  but 
sometimes  more  skin  may  be  gained  by  making  the  incision  oblique:  after 
retraction  has  occurred,  the  muscles  are  divided  at  the  level  of  the 
retracted  skin — not  too  quickly  so  as  to  allow  a  retraction  of  the  layers; 
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then  the  bone  is  sawn  flush  with  the  muscle;  vessels  are  secured  and 
nerves  carefully  shortened. 

If  the  operation  has  been  properly  performed,  the  surface  is  at  first 
slightly  concave,  but  soon  becomes  convex  from  further  retraction. 
This  must  be  overcome  by  extension. 

When  the  incision  is  left  open,  whether  the  circular  method  has  been 
used  or  the  one  with  short  flaps,  traction  should  be  applied  to  the  skin 
as  soon  as  the  acute  inflammation  has  subsided,  to  overcome  retraction 
and  thus  limit  the  size  of  the  resulting  scar.  If  it  has  been  possible  to 
make  flaps  of  sufficient  size,  the  skin  may  be  pulled  down  sufficiently  to 
approximate  the  edges  and  in  some  cases  a  secondary  suture  may  be 
performed;  if  the  tissues  are  not  sufficient  to  cover  the  bone,  they  are 
kept  from  retraction  until  it  is  safe  to  perform  a  secondary  removal  of 
the  projecting  bone  or  a  typical  reamputation. 

Two  methods  of  extension  seem  to  meet  all  indications.  Adhesive 
strips  are  applied  to  the  stump  in  the  axis  of  the  limb  as  far  as  the  joint 
above  and  held  in  place  by  a  circular  strip,  or  pieces  of  gauze  are  applied 
in  a  similar  manner  with  the  adhesive  glue;  the  ends  are  fastened  to  a 
ring,  which  may  be  attached  to  a  weight  extension  or  to  the  end  of  a 
modified  Thomas  knee  splint.  The  former  is  superior  since  it  gives 
more  powerful  traction,  allows  more  movement  of  the  joint  above, 
adjusts  itself  to  the  patient's  movements,  and  the  patient  is  more  easily 
nursed. 

If  circular  amputation  be  done  as  an  operation  of  election  in  an  un- 
complicated case,  a  circular  incision  is  carried  through  the  soft  parts 
down  to  the  bone.  These  are  then  retracted  for  a  sufficient  distance 
and  the  bone  sawn  through. 

The  plan  of  dividing  the  soft  parts  so  that  a  hollow  cone  is 
formed  on  the  face  of  the  stump  (see  p.  260)  is  a  great  improve- 
ment upon  the  older  clumsy  method,  and  should  always  be  adopted, 
as  otherwise  it  is  very  difficult  to  approximate  the  flaps  prop- 
erly, owing  to  the  large  mass  of  muscle  divided.  The  circular 
method,  however,  has  a  disadvantage  which  prevents  its  use  under 
certain  circumstances;  the  cicatrix  necessarily  lies  over  the  end  of  the 
bone,  and  therefore  the  method  is  out  of  the  question  for  cases 
in  which  pressure  has  to  be  borne  directly  upon  the  end  of  the  stump, 
as  in  many  amputations  in  the  lower  extremity.  Moreover,  in  a 
muscular  limb  it  is  difficult  to  retract  the  muscles  sufficiently  to  secure 
proper  exposure  of  the  bone  at  the  proposed  point  of  division,  and  the 
flaps  can  seldom  be  brought  together  neatly;  the  stump  is  puckered 
and  often  becomes  conical.  On  the  other  hand,  the  circular  method  is 
very  useful  in  the  upper  extremity,  where  the  length  of  limb  that  can 


198  AMPUTATIONS 

be  preserved  is  a  matter  of  primary  importance,  and  no  pressure  is 
thrown  upon  the  end  of  the  bone. 

Amputation  by  an  elliptical  incision.  This  is  the  first  develop- 
ment from  the  simple  circular  method  and  its  evolution  is  due  to  various 
causes.  It  soon  became  evident  that  in  amputations  in  the  lower 
extremity  it  was  necessary  to  place  the  scar  well  away  from  the  end  of 
the  bone.  By  making  the  incision  around  the  limb  at  an  obtuse  angle 
to  its  long  axis  instead  of  at  right  angles  to  it  the  incision  is  made  to 
reach  a  lower  point  on  one  aspect  of  the  limb  than  on  the  other,  so  that 
a  single  long  flap  was  formed,  which  could  be  drawn  over  the  end  of 
the  bone,  and  the  cicatrix  thus  placed  well  out  of  the  way  of  pressure. 
Moreover,  when  the  soft  parts  are  damaged  higher  up  on  one  side  of  a 
limb  than  the  other,  a  true  circular  amputation  would  involve  an 
unnecessarily  high  division  of  bone,  whereas  an  elliptical  incision  with 
its  lowest  point  on  the  side  on  which  the  sound  tissues  extend  the  lowest 
allows  the  bone  to  be  divided  as  low  down  as  possible.  Also,  the  amount 
of  retraction  of  the  skin  and  subcutaneous  tissues  varies  in  different 
parts  of  the  limb,  and  it  may  require  an  elliptical  instead  of  a  circular 
incision  to  make  the  level  of  the  incision  on  the  two  sides  of  the  limb 
equal  after  this  retraction  has  taken  place. 

Flap  methods.  From  these  two  primary  types,  the  circular  and 
elliptical  amputations,  the  modern  flap  methods  have  been  evolved. 
Thus  from  the  true  circular  method  came  the  modified  circular  and  the 
racket  amputations,  whilst  from  the  elliptical  incision  was  derived  the 
oblique  racket,  the  lanceorlate  incision  of  Kocher,  and  the  amputations 
by  unequal  flaps.  The  primitive  circular  amputation  was  useful  only 
in  limbs  circular  in  contour  and  containing  a  single  bone,  such  as  the 
thigh  and  the  upper  arm;  in  tapering  limbs  or  those  with  two  parallel 
bones  extra  incisions  had  to  be  added  to  the  circular  or  elliptical  ones, 
so  as  to  enable  the  muscles  to  be  retracted  easily  up  to  the  desired  bone 
level.  Thus  a  single  longitudinal  incision  added  to  the  circular  one 
gave  the  ordinary  transverse  racket  incision,  whilst  two  such  vertical 
incisions  on  opposite  sides  of  the  limb  gave  rise  to  the  equal  flap 
method.  Similarly,  the  addition  of  a  single  vertical  cut  to  the  elliptical 
incision  gave  the  oblique  racket,  and  by  a  later  development  the 
lanceolate  incision  (Kocher),  whilst  two  vertical  incisions  gave  the 
unequal  flap  method.  In  early  days  these  flaps  had  square  corners, 
but  a  further  development,  a  sacrifice  to  neatness,  was  a  rounding-off 
of  the  corners  so  that  the  U-shaped  and  semicircular  flaps  came  into 
use. 

The  flap  method  possesses  great  advantages.  Excellent  and  easy 
exposure  of  the  bone  at  the  point  of  section  is  obtained  by  it,  and  the 
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surgeon  can  fashion  his  flaps  from  any  region  of  the  limb  that  he 
desires;  while  after  the  bone  has  been  sawn,  they  come  together  easily. 
The  disadvantages  are  not  serious,  and  they  only  apply  to  amputations 
by  unequal  flaps.  In  them  the  bone  has  to  be  divided  higher  up  than 
is  absolutely  necessary,  except  when  the  soft  parts  are  damaged 
higher  up  the  limb  on  one  side  than  on  the  other.  This,  however,  is 
rarely  a  point  of  great  importance,  but  if  it  is,  the  method  must  be 
rejected  in  favour  of  the  circular,  if  that  method  be  available.  A 
disadvantage  of  the  flap  method  is  that  the  blood-supply  of  the  flaps, 
especially  the  longer  one,  is  not  so  good  as  in  a  circular  amputation. 
This  is  doubtless  true,  but,  unless  the  length  of  the  flap  be  extreme, 
as  for  instance  in  Teale's  amputation,  there  is  no  risk  of  sloughing 
in  an  aseptic  case.  The  surgeon,  however,  should  bear  this  point  in 
mind  when  amputating  in  regions  or  on  subjects  with  impaired  vascular 
supply,  and  should  then  adopt  a  method  that  is  not  open  to  this 
objection. 

When  planning  his  flaps  the  surgeon  must  remember  that,  after 
division,  various  circumstances  influence  the  amount  of  retraction  of 
the  soft  parts,  especially  the  muscles.  The  muscles  which  are  free 
between  their  points  of  origin  and  attachment,  such  as  the  biceps,  ham- 
strings, &c.,  contract  most;  those  which  have  a  wide  bony  origin  con- 
tract least.  The  flexors  generally  contract  much  more  than  the  exten- 
sors, and  allowance  must  be  made  accordingly  in  cutting  them;  thus, 
when  amputating  through  the  lower  third  of  the  thigh  the  muscles  are 
cut  much  more  directly  to  the  bone  on  the  flexor  than  on  the  extensor 
surface.  The  more  muscular  the  subject,  the  more  marked  is  the  retrac- 
tion; and,  conversely,  the  minimum  amount  of  retraction  is  met  with  in 
atrophied  or  inflamed  muscles.  After  amputation  the  muscles  thrown 
out  of  use  undergo  almost  complete  atrophy,  becoming  converted  into 
a  mass  of  fibrous  tissue.  Muscular  contraction  should  come  to  a  stand- 
still soon  after  the  operation;  any  further  shortening  is  due  to  inflam- 
matory contraction. 

The  retraction  of  the  skin  is  considerable,  and,  like  that  of  the 
muscles,  varies  in  different  parts  of  the  body,  and  under  different  condi- 
tions. It  is  least  where  the  subcutaneous  tissue  is  scanty  and  the  skin  is 
thin  and  has  deep  connexions  with  the  subjacent  bones  or  aponeuroses. 
Thus,  in  the  neighbourhood  of  the  knee-joint  the  retraction  is  compara- 
tively slight,  as  it  also  is  when  there  is  inflammation  or  cedema  of  the 
soft  parts.  Speaking  generally,  the  retraction  of  the  skin  is  more 
marked  the  nearer  the  line  of  amputation  is  to  the  trunk,  and  the  average 
shrinkage  is  about  one-third  of  the  length  of  the  flap.  It  must  be 
remembered  that  in  the  dead  body  the  retraction  of  the  skin  is  much  less 
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than  in  the  living  subject,  and  in  the  bodies  prepared  with  formalin  for 
dissecting-room  purposes  there  is  practically  no  retraction  at  all. 

Factors  influencing  the  surgeon's  choice  of  methods.  The  first 
essential  in  selecting  a  method  of  amputation  is  to  see  that  it  provides  the 
most  useful  stump  possible.  The  next  is  to  choose  one  that  will  do  this 
with  the  least  possible  sacrifice  of  healthy  tissue.  The  longer  the  stump 
the  more  satisfactory  it  is  to  the  patient,  and  as  a  rule  the  more  easily 
fitted  by  the  instrument-maker,  and  therefore  all  so-called  *  expensive 
amputations ',  such  as  Teale's,  which  involve  division  of  the  bone  at 
a  higher  level  than  is  absolutely  necessary,  are  to  be  avoided.  Hardly 
inferior  in  importance  to  these  points  is  the  necessity  for  securing  for 
the  end  of  the  stump  ample  covering  provided  from  parts  suited  for 
bearing  pressure,  and  a  healthy,  narrow,  and  sound  scar  so  placed  that 
it  is  not  exposed  to  irritation.  The  last  important  point  influencing  the 
surgeon's  choice  is  that  the  flaps  must  have  an  ample  blood-supply.  This 
becomes  a  factor  of  great  importance  in  elderly  persons,  or  those  subject 
to  arterial  disease ;  in  them  it  may  be  necessary  to  amputate  through  the 
knee  or  even  higher  for  a  small  patch  of  gangrene  in  the  foot  solely 
because  of  the  inadequate  blood-supply  below  this  point. 

Other  minor  factors  may  influence  the  surgeon's  choice,  but  they 
are  much  less  important  now  than  formerly.  Rapidity  in  operating 
was  at  one  time  esteemed  greatly,  but  this  factor  is  now  taken  into  con- 
sideration only  in  cases  that  are  likely  to  be  accompanied  by  severe 
shock;  in  them  rapidity  of  operation  is  important,  as  it  is  an  essential 
factor  in  the  prevention  of  shock.  Rapidity  has  now  given  way  to 
methodical  and  careful  fashioning  of  flaps,  followed  by  accurate 
approximation.  Other  things  being  equal,  the  surgeon  will  of  course 
always  choose  the  method  which  is  easiest  of  performance,  and  which 
allows  him  to  expose  and  divide  the  bone  with  the  least  inconvenience 
and  expenditure  of  trouble. 

Methods  of  raising  the  flaps.  Marking  out  and  raising  the  flaps 
was  formerly  always  performed  with  the  old-fashioned  amputating 
knife;  now  it  is  generally  done  with  a  large  scalpel.  Formerly  the  flaps 
were  largely  cut  by  transfixion,  and  this  necessitated  the  use  of  the  long 
knives  so  often  found  in  amputation  cases,  which  have  blades  at  least 
one  and  a  half  times  the  length  of  the  transverse  diameter  of  the  limb 
they  are  intended  for  use  upon.  Save  in  a  few  exceptional  cases  that 
will  be  mentioned  later,  the  long  and  clumsy  amputating  knives  have 
entirely  gone  out  of  use.  The  modern  surgeon  performs  practically  all 
the  major  amputations  with  a  knife  not  larger  than  an  ordinary  breast 
knife;  indeed  for  the  majority  an  ordinary  scalpel  suffices.  Occasionally 
special  knives  are  required;   for  example,  amputation  of  the  terminal 
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phalanges  of  the  fingers  by  a  long  palmar  flap  is  done  by  means  of  tlie 
so-called  '  finger  knife  ',  viz.  a  bistoury  about  three  inches  long  with  a 
very  narrow  blade  in  order  to  allow  the  knife  to  be  turned  at  right  angles 
after  it  has  passed  through  the  inter-phalangeal  joint.  The  circular 
amputation  also  requires  a  special  knife  of  considerable  length;  it  has 
a  rounded  end  and  its  cutting  edge  is  slightly  concave  so  as  to  bring  as 
large  an  extent  of  it  as  possible  into  contact  with  the  structures  to  be 


Fig.  37.  Methods  of  holding  the  .Amputating  Knife.  The  upper  figure 
shows  how  the  knife  should  be  held  when  marking  out  the  skin  incision.  If  held 
in  this  way.  the  operator  has  perfect  controi  over  the  blade,  which  should  be  made 
to  trace  out  the  incision  while  the  knife  is  held  nearly  horizontal,  as  shown  in  the 
figure.  This  brings  the  whole  of  its  edge  to  bear  upon  the  skin  and  makes  an  easy 
and  smooth  incision.  The  lower  figure  shows  the  manner  in  which  the  knife  is 
held  for  fine  dissecting  work.  This  is  a  wrong  manner  in  which  to  hold  the  knife 
during  amputations,  as  the  greater  delicacy  of  manipulation  that  it  ensures  is 
obtained  at  a  great  sacrifice  of  power. 

divided.     For  all  other  purposes  the  ordinary  scalpel,  a  breast  knife,  or, 
when  (laps  have  to  be  raised  from  bone  as  in  Syme's  amputation. 

How  to  hold  the  knife.  In  an  amputation  the  knife  should  always 
be  held  as  shown  in  Fig.  37  except  when  a  circular  amputation  is 
being  performed;  then  the  knife  is  held  as  in  Fig.  38.  Both  these  methods 
of  holding  the  knife  give  the  maximum  amount  of  control  over  the  blade 
and  point.    The  blade  of  the  knife  should  always  be  kept  at  right  angles 
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tc  the  surface  that  is  being  divided;  if  it  be  inclined  at  an  angle  the 
tissues  are  undercut,  and  the  vitality  of  the  flaps  may  be  interfered  with 
by  wounding  the  vessels  sup- 
plying them.  The  knife  should 
be  made  to  cut  with  the  belly 
and  not  with  the  point  only;  a 
common  mistake  with  beginners 
is  to  mark  out  the  flaps  with 
the  point  of  the  knife  only,  and 
the  result  of  this  is  to  throw 
the  skin  into  folds  in  front  of 
the  knife,  so  that  an  ugly  ir- 
regular incision  results.  The 
most  satisfactory  way  of  cut- 
ting a  flap  is  to  plunge  the 
point  of  the  knife  into  the  skin 
at  the  commencement  of  the 
incision,  and  then  to  depress  the 
handle  until  nearly  the  whole 
of  the  cutting  edge  is  in  contact 
with  the  skin,  when  the  knife  is 
piade  to  trace  out  the  flap  by 
drawing  it  along  with  a  gentle 
sawing  movement,  employing 
nearly  the  whole  of  the  belly 
of  the  knife  in  the  process. 
When    performing    a    cir- 

_        „     ,,  .  cular  amputation,  the  knife  is 

Fig.   38.     Method  of    holoing  Ampu-       ,  '^    ...  ,     ,      ,-    . 

TATiNc  Knjfe  when  making  Circular  ^i-awn  steadily  round  the  limb 
Incisions.  The  knife  Is  held  thus  when  from  heel  to  tip,  and  should 
performing  a  circular  amputation  or  dtvid-  not  I)e  made  to  cut  the  incision 
ing  muscles  by  a  circular  sweep.  It  enables  ^-jth  one  portion  of  its  edge 
the  knife  to  be  carried  as  far  as  possible  „.,,.,  „„  ■  „r,„„  ,i„„„  n,, 
,..,.,       J    ,  ..  ..        ■  only,   as  is   oiten   done,      ttv 

round  the  iimb  and  at  the  same  time  gives       ,    ."^        . 

the  operator  perfect  control  over  it.  "O'ng    •*    correctly    no    undue 

pressure  is  thrown  upon  the 
soft  parts,  which  are  consetjuently  evenly  divided  without  displacement 
or  irregularity. 

When  disarticulating,  only  the  point  of  the  knife  should  be  used  to 
divide  the  various  ligaments  connecting  the  bones;  owing  to  the 
irregular  outline  of  the  joint  surfaces,  the  knife  is  often  much  hampered 
in  its  movements  if  more  than  the  point  be  employed. 

Flaps  are  only  cut  by  transfixion  when  many  tendons  have  to  be 
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divided.  The  reason  for  this  is  that  these  structures  are  difficult  to  cut 
from  without  inwards,  as  they  retract  unequally  and  roll  under  the 
knife;  in  order  to  secure  a  neat  and  uniform  line  of  section,  therefore, 
they  are  best  divided  in  one  mass  by  introducing  the  knife  between  the 
bone  and  the  tendons,  and  ciitting  through  them  by  a  quick  upward 


Fig.  39.  Method  of  applying  a  Two-tailed  Linen  Retractor.  The  figure 
shows  how  the  two  iails  of  the  bandage  cross  one  another  in  order  to  retract  the 
soft  parts  and  leave  the  bone  exposed.  The  two  tails  are  crossed  under  the 
assistant's  upper  hand  as  shown  in  the  figure. 

sawing  movement.  Formerly  the  entire  flap  was  often  cut  by  trans- 
fixion, the  knife  being  entered  through  the  skin,  thrust  across  the  limb 
between  the  bones  and  the  soft  parts  on  a  level  with  the  line  of  bone 
section,  and  the  flaps  of  skin  and  muscle  cut  by  carrying  the  knife  down 
with  a  sawing  movement  a  certain  distance,  and  then  cutting  straight 
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out.  Nowadays  the  skin  flap  is  never  cut  by  transfixion,  except  in  ampu- 
tations of  the  terminal  phalanx  of  the  fingers  by  a  long'palmar  flap; 
when  transfixion  is  employed,  as  in  the  lower  third  of  the  forearm  and 


Fig.  40.  Application  of  a  Three-tailkd  Linen  Retractor.  The  three  tails 
of  the  bandage  can  be  traced  in  the  figure.  Of  these  the  middle  passes  through 
the  interosseous  membrane  and  is  partially  covered  by  the  two  lateral  tails,  which 
keep  back  the  soft  parts  from  the  tibia  and  iibula. 


the  thigh,  the  skin  flap  is  marked  out  first  and  its  edges  allowed  to 
retract,  and  the  tendons  are  cut  by  transfixion  subsequently. 

Retractors.  After  the  flaps  have  been  cut  and  dissected  up  suf- 
ficiently the  Ixine  is  sawn.  In  order  to  protect  the  flaps  from  damage  by 
the  saw  while  the  bone  is  being  divided,  they  must  be  held  back  by 
suitable  retractors.  Retractors  of  many  kinds  have  been  introduced,  bin 
there  are  few  so  satisfactory  as  the  two  or  three-tailed  linen  bandage, 
used  for  amputations  where  there  are  a  single  or  two  parallel  bones 
respectively.    Tigs.  39  and  40  show  how  these  are  employed. 

Division  of  the  bone.  This  is  generally  done  with  a  saw;  cutting- 
pliers  should  be  avoided,  as  they  crush  the  hone  to  some  extent,  while 
chisels  are  very  clumsy  implements  for  this  purpose.    An  ordinary  tenon 
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saw  of  suitable  size  is  the  most  useful  kind.  The  blade  should  be  at 
least  an  inch  wider  than  the  bone  that  has  to  be  divided ;  otherwise  the 
saw  must  have  a  movable  back.  The  tenon  saw  is  easy  to  handle,  and 
cuts  a  clean  level  surface.  Other  saws,  such  as  Butcher's,  the  meta- 
carpal saw,  &c.,  are  only  needed  under  special  circumstances;  Butcher's 
saw  is  very  useful  when  a  convex  or  concave  surface  has  to  be  cut. 


Fig.  41.  Steadying  the  Saw  when  dividing  a  Bone.  The  surgeon's  left 
thumb  in  the  position  shown  in  the  figure  forms  a  firm  buttress  against  which  the 
saw  can  be  rested  without  any  risk  of  the  latter  slipping  upwards.  If  the  thumb 
be  bent  in  the  particular  manner  shown  in  the  figure  it  is  impossible  to  damage  it 
with  the  saw. 


Gigli's  wire  saw  is  very  useful  for  dividing  the  lower  jaw,  and  also  in 
removal  of  the  superior  maxilla. 

When  the  bone  is  being  divided  the  saw  should  be  first  drawn  lightly 
from  heel  to  point  several  times  across  it,  in  order  to  cut  a  groove 
for  it  to  work  in;  Fig.  41  shows  how  the  saw  is  steadied  by  means 
of  the  left  thumb  while  this  is  being  done.  The  limb  is  grasped  in 
the  left  hand  above  the  line  of  division,  and  an  assistant  holds  the 
distal  end  firmly  and  quite  horizontal  while  the  surgeon  divides  the 
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bone  with  rapid  light  strokes;  undue  pressure  must  be  avoided,  as 
it  helps  to  lock  the  saw  and  to  break  the  bone.  The  assistant  must 
not  raise  the  limb,  or  the  saw  will  be  locked,  nor  depress  it  too  forcibly, 
or  the  bone  will  be  fractured  prematurely.  With  care  it  is  easy  to 
saw  the  bone  cleanly  through  without  leaving  spicules  on  the  cut  end; 
if  any  be  left,  however,  they  can  be  clipped  away  with  suitable  cutting- 


Fic.  42.  Bevelling  off  the  Bone  in  Amputations.  Examination  of  the 
figure  will  show  that  the  oblique  cut  has  already  been  made  and  the  saw  is  in  the 
act  of  making  the  transverse  section  of  the  bone.  As  the  transverse  section  meets 
the  oblique  one  a  small  triangular  piece  of  bone  is  dislodged,  and  when  the  bone 
has  been  entirely  divided  its  sharp  margin  is  found  to  be  bevelled  off. 


pliers.  A  bone  should  always  be  divided  with  a  saw,  and  not  with 
cutting-pliers;  however  sharp  and  powerful  the  latter  may  be,  they 
tend  to  split  the  bone  to  some  extent  instead  of  dividing  it  cleanly  as  a 
saw  does. 

In  certain  cases  the  end  of  the  bone  has  a  tendency  to  protrude 
beneath  one  of  the  flaps,  and,  if  it  possesses  a  sharp  edge,  this  may 
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become  adherent  to  or  actually  ulcerate  through  the  flap.  To  avoid  this 
it  is  usual  to  bevel  off  any  sharp  edges  of  the  bone,  especially  in  the  case  of 
the  tibia,  and  Fig.  42  shows  how  this  is  done.  The  oblique  cut  to  remove 
the  sharp  edge  is  made  first,  and  is  carried  through  about  a  third  of  the 
thickness  of  the  bone;  the  transverse  incision  to  remove  the  limb  is  then 
made,  and  the  distal  portion  of  the  bone  and  the  small  bevelled-off 
portion  come  away  together. 

The  arrest  of  haemorrhage  and  closure  of  the  wound.  When  the 
bone  has  been  sawn  and  the  limb  removed,  the  flaps  are  held  wide  apart, 
and  the  main  vessels  are  identified  and  secured  with  pressure  forceps. 
Large  vessels,  such  as  the  femoral  or  brachial,  should  be  pulled  well  out 
of  their  sheaths  by  dissecting  forceps  and  the  pressure  forceps  applied 
transversely  to  their  long  axes;  otherwise,  only  part  of  their  circum- 
ference may  be  caught,  and  dangerous  bleeding  may  follow  removal  of 
the  tourniquet.  Moreover,  this  plan  obviates  all  danger  of  including  the 
companion  nerves  in  the  ligature — an  exceedingly  unpleasant  complica- 
tion. The  main  veins  are  thus  temporarily  secured  as  well  as  the  arteries. 
Immediately  before  the  tourniquet  is  removed  it  is  well  to  pack  swabs 
or  sponges  tightly  between  the  flaps,  so  as  to  keep  down  the  bleeding 
when  the  pressure  is  taken  off,  and  allow  the  surgeon  to  pick  up  the  bleed- 
ing points  seriatim,  first  in  one  flap  and  then  in  the  other.  The  oozing 
following  removal  of  the  tourniquet  is  usually  free,  particularly  from  the 
cut  muscles,  and  may  last  for  some  time;  it  is  best  controlled  either  by 
douching  the  surface  with  sterilized  water  at  a  temperature  of  115°  F., 
or,  in  weakly  subjects,  by  the  application  of  a  sterilized  solution  of 
adrenalin.  All  oozing  points  are  caught  up  in  clamp  forceps  without 
waiting  to  tie  any  of  them,  and  to  facilitate  this  the  limb  must  be  held 
well  up  and  the  flaps  fully  displayed  by  an  assistant.  After  all  the 
definitely  bleeding  points  have  been  secured  thus,  the  wound  is  douched 
with  hot  water  and  ligatures  are  applied;  these  should  be  of  medium 
thickness  for  the  main  vessels,  but  of  the  smallest  size  for  the 
others. 

In  this  manner  the  bleeding  can  be  usually  controlled  satisfactorily,  * 
with  the  possible  exception  of  that  from  the  bone,  which  may  cause 
much  inconvenience,  especially  if  the  bone  has  been  divided  near  the 
nutrient  artery.  Should  there  be  unduly  free  bleeding  from  any  par-* 
ticular  portion,  an  attempt  may  be  made  to  stop  it  by  crushing  up  the 
bony  tissue  from  which  the  bleeding  comes  with  a  blunt  bradawl  or  a 
steel  director;  failing  this,  Horsley's  wax  forced  into  the  cut  bony  sur- 
face will  be  successful. 

The  more  cleanly  the  parts  are  cut  and  the  less  the  flaps  are  handled 
the  better  is  the  result  likely  to  be,  and  in  arresting  haemorrhage  par- 
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ticular  care  must  be  taken  that  the  cut  surfaces  are  not  infected  by 
accidental  contact  with  non-sterilized  portions  of  clothing,  &c.,  as  the 
surgeon  and  his  assistant  lean  over  the  stump. 

Drainage  should  be  provided  in  every  amputation  except  the  small 
ones,  such  as  the  fingers.  Oozing  after  the  operation  is  inevitable, 
partly  as  a  result  of  the  use  of  the  tourniquet,  partly  from  the  irregular 
contraction  of  the  divided  muscles  which  always  occurs  after  amputa- 
tion; this  renders  it  impossible  to  approximate  the  soft  parts  so  accurately 
that  there  shall  be  no  space  left  in  which  blood  can  collect.  A  drainage 
tube  is  therefore  essential  to  avoid  the  risk  of  the  flaps  being  separated 
by  clots  and  giving  way  subsequently.  The  tube  should  be  large,  so 
that  it  may  carry  off  the  blood  rapidly ;  it  should  be  inserted  at  the  most 
dependent  spot.  It  is  best  not  to  carry  it  across  from  one  angle  of  the 
flaps  to  the  other;  should  it  be  deemed  advisable  to  drain  both  sides  of 
the  stump,  this  should  be  done  by  separate  tubes. 

The  flaps  are  brought  together  by  sutures,  which  are  inserted  so  as 
to  approximate  the  deeper  tissues,  as  well  as  the  edges  of  the  skin. 
Sutures  of  silkworm-gut  or  stout  silk  should  be  inserted  at  some  distance 
from  the  edge  of  the  stump,  so  as  to  bring  the  opposing  surfaces  of  the 
flaps  equally  into  contact  throughout;  buried  sutures  of  catgut  may  also 
be  used  if  desired.  The  approximation  is  completed  by  a  continuous 
suture  which  brings  the  skin  edges  into  accurate  apposition  everywhere. 
There  are  few  more  important  predisposing  causes  of  sepsis  than  badly 
approximated  flaps,  as  infection  easily  reaches  the  interior  of  the  stump 
from  raw  areas  on  its  surface. 

The  drainage  tube  should  be  sutured  to  the  flaps,  as  otherwise  it  may 
be  pulled  out  of  or  pushed  into  the  stump.  It  should  be  removed 
within  three  days,  and,  at  the  time  of  the  operation,  it  is  a  good  plan 
to  insert  a  suture  at  the  spot  at  which  the  drainage  tube  is,  and  to 
knot  it  loosely  in  a  loop  instead  of  tying  it;  this  can  be  tied  when  the 
drainage  tube  is  removed,  and  thus  the  interior  of  the  stump  is  pro- 
tected from  the  risk  of  contamination.  When  there  is  much  pain  fol- 
lowing the  operation,  and  a  dressing  for  removal  of  the  tube  on  the 
third  day  would  distress  the  patient,  the  tube  may  quite  well  be  left 
in  situ  for  some  days  longer. 

The  method  of  immobilidng  the  limb  after  the  operation  is  of 
importance,  as  the  patient's  comfort  depends  largely  upon  the  absence 
of  spasmodic  contractions  of  the  muscles  of  the  stump.  In  order  to 
prevent  this  it  has  long  been  the  custom  to  apply  the  bandage  fastening 
on  the  dressings  in  a  circular  manner  round  the  limb,  and  to  carry  it 
from  above  downwards  instead  of  from  below  upwards.  This  exerts 
uniform  compression  upon  the  muscles  and  tends  to  steady  them.     A 
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splint  or  splints  should  always  be  applied,  as  otherwise  a  good  deal  of 
starting  pain  is  likely  to  be  experienced. 

The  future  of  the  stump.  No  amputation  can  be  looked  upon  as 
really  successful  unless  it  leaves  the  patient  with  a  perfectly  sound,  pain- 
less, well-nourished  stump  which  can  be  fitted  with  an  artificial  limb  that 
will  restore  the  functions  of  the  lost  extremity  to  the  greatest  extent 
possible,  and  the  amputation  should  not  be  performed  unless  the  surgeon 
has  clearly  in  his  mind  the  form  of  stump  that  he  wishes  to  produce. 
The  after-history  of  the  amputation  should  be  uneventful,  as,  if  the 
amputation  has  been  carried  out  above  the  level  of  the  disease  for  which 
it  was  performed,  and  through  tissues  with  an  efficient  vascular  and 
nerve  supply,  healing  by  primary  union  should  occur  throughout.  The 
deep  sutures  can  be  removed  in  about  a  fortnight's  time,  and  the  super- 
ficial ones  a  weekiater.  The  period  of  time  that  must  elapse  before  a 
patient  can  bear  his  weight  upon  the  limb  will  vary  with  the  particular 
amputation,  but  speaking  generally  it  will  be  from  a  month  to  six  weeks. 

END-BEARING  STUMPS 

In  preparation  for  the  exigencies  of  war  surgery,  the  Surgeon  Gen- 
eral's office,  U.  S.  A.,  has  summarized  our  present  knowledge  concern- 
ing this  important  subject  and  outlined  the  following  system  of  treatment, 
drawing  attention  to  the  fact  that  with  the  exception  of  the  Symes  and 
Gritti-Stokes  amputations,  the  usefulness  of  which  is  well  known,  little 
attention  has  been  given  to  this  subject.  With  these  exceptions  artificial 
legs  are  designed  by  the  makers  to  take  the  weight  on  the  ischial 
tuberosity  when  the  amputation  is  above  the  knee,  and  laterally  on  the 
tuberosities  of  the  tibia  when  it  is  below,  and  little  or  no  attempt  at  end- 
bearing  is  made.  The  possibility  of  securing  an  end-bearing  stump  in  a 
large  proportion  of  cases  has,  however,  been  clearly  demonstrated,  and 
it  is  highly  desirable  that  the  surgeon  and  the  artificial  limb-maker 
should  cooperate  to  achieve  it;  for  it  is  obvious  that  the  transference 
of  even  a  part  of  the  weight  to  the  end  of  the  stump  will  conduce  to 
greater  comfort  and  improved  function. 

The  chief  responsibility  rests,  however,  upon  the  surgeon,  since  the 
prerequisites  for  end-bearing  are  a  good  stump  and  early  functional 
use. 

Hirsch,  Lyle,  and  others  have  outlined  a  routine  stump  treatment 
designed  to  secure  the  maximum  result  in  such  cases.  Muscular  weak- 
ness and  limitation  of  motion  are  two  of  the  chief  causes  of  discourage- 
ment in  learning  the  use  of  artificial  limbs. 

To  meet  all  indications  the  plan  of  treatment  must  be  systematic. 
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While  the  incision  is  healing,  at  each  dressing  the  stump  should  be  moved 
to  the  full  limit  in  the  opposite  direction  to  that  in  which  a  contracture 
is  likely  to  develop.  In  forearm  stumps,  movement  should  be  carried 
out  in  supination  and  extension;  in  upper-arm  amputations,  in  upward 
and  backward  motion ;  in  the  lower  leg.  in  extension  anc  in  thigh  amputa- 
tions, in  extension  (securing  hyperextension )  and  adduction.  It  is 
usually  advisable  to  keep  all  stumps  elevated  while  the  patient  is  re- 
cumbent and  therefore  particular  attention  should  be  directed  to  thigh 
amputations  because  this  position  favours  a  flexion  contracture;  to 
counteract  this  tendency  it  is  recommended  that  once  or  twice  each  day 
the  pillow  be  removed  from  under  the  stump  and  placed  under  the  buttock, 
thus  allowing  the  stump  to  drop  into  hyperextension.  Further,  advan- 
tage should  be  taken  of  the  position  in  which  the  stump  is  dressed  in 
order  to  guard  against  the  tendency  to  contracture;  thus  in  forearm 
stumps,  where  supination  is  hardest  to  control,  the  dressing  should  be 
applied  so  as  to  maintain  the  bones  in  this  position.  When  the  incision 
has  had  to  be  left  open  movement  of  the  joint  in  the  other  directions, 
also,  should  be  added  as  soon  as  conditions  permit. 

As  soon  as  the  wound  is  healed,  or  practically  so,  and  while  the 
patient  is  still  confined  to  bed,  the  following  routine  (modified  from 
Hirsch)  is  begun: 

1.  Massage,  The  stump  should  be  massaged  for  a  period  varying 
from  ten  to  thirty  minutes,  once  or  twice  a  day,  according  to  its  size  and 
position.  The  region  of  the  incision*  should  naturally  be  avoided  for  the 
first  few  times  and  care  taken  not  to  make  undue  tension  on  the  fresh 
scar.  As  rapidly  as  the  tolerance  of  the  stump  will  permit,  the  depth 
and  the  force  of  the  massage  should  be  increased  up  to  the  full  normal 
limits. 

2.  Bandaging.  After  the  massage,  the  stump  should  be  redressed 
with  a  cotton  dressing,  bandaged  snugly  in  place,  or  if  it  is  well  healed,  a 
bias  flannel  bandage  alone  may  be  used.  The  latter,  when  properly 
applied  in  several  layers,  gives  a  firm,  even  pressure. 

3.  Pressure  Exercise.  The  patient  is  directed  to  press  the  end  of  the 
bandaged  stump  against  a  cushion,  placed  in  the  bed  or  against  a  frame. 
This  must  be  begun  with  care,  pressure  being  made  at  first  for  only 
several  minutes  at  four-  or  five-hour  intervals;  if  there  is  no  unfavour- 
able reaction,  it  should  be  increased  gradually  up  to  five  or  ten  minutes 
every  two  hours  and  then  every  hour. 

4.  Movements.  After  each  pressure  exercise,  active  movements  of 
the  stump  are  to  be  made  in  all  directions,  to  the  full  limits  of  the  joint 
motion,  for  three  to  five  minutes.  Later,  some  form  of  resistance  move- 
ments may  be  added  to  advantage,  in  order  to  still  further  build  up  the 
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strength  of  the  muscles  controlling  the  stump  and  so  make  the  early 
use  of  the  artificial  limb  more  easy. 

5.  Baths,  etc.  Hydrotherapy  in  the  form  of  hot  packs  or  warm 
and  cold  baths  alternately,  or  electric  light  baths  are  to  be  used  as  indi- 
cated to  improve  the  circulation  and  hasten  absorption. 

When  the  patient  is  able  to  leave  the  bed,  the  measures  just  out- 
lined are  to  be  continued,  but  in  the  case  of  leg  amputations  the  pressure 
exercise  is  to  be  discontinued  as  described  and  direct  weight-bearing  on 
the  stump  begun.  A  stool  of  the  proper  height  and  a  cushion  are  pro- 
vided and  the  patient,  supporting  himself  with  his  hands,  allows  at 
first  only  a  little  weight  to  rest  upon  the  bandaged  stump;  the  amount 
of  weight  borne  and  the  time  are  then  gradually  increased,  in  a  manner 
similar  to  that  used  in  the  pressure  exercise  in  bed,  until  the  entire  weight 
can  be  taken  on  the  stump.  As  soon  as  the  patient  can  stand  alone  for 
a  long  time  without  getting  tired,  and  with  no  other  support  than  that 
needed  to  balance  himself,  a  temporary  leg,  properly  provided  for  end- 
bearing  may  be  fitted  and  walking  begun,  crutches  being  used  guardedly 
and  dispensed  with  as  soon  as  possible.  For  a  long  time,  however,  the 
patient  should  continue  to  practise  standing  on  the  bare  stump  on  a 
hard  surface  three  times  a  day. 

The  value  of  end-bearing  is  generally  admitted.  The  measures  sug- 
gested, both  with  respect  to  the  amputation  and  the  care  of  the  stump, 
are  simple  and  have  borne  the  test  of  clinical  experience.  Their  per- 
sistent use  is  urged  upon  all.  While  it  is  recognized  that  in  very  many 
cases  the  presence  of  long-continued  infection  will  seriously  delay  the 
institution  of  proper  after-treatment,  yet  much  good  may  still  be  expected 
even  when  begun  late,  and  there  will  be  a  large  number  in  which  the 
routine  may  be  followed  from  the  first. 

The  joint  motion  should  be  tested  by  the  surgeon  at  regular  intervals, 
particularly  in  bed-ridden  infected  cases,  in  order  to  be  certain  that  the 
full  range  is  retained.  At  the  elbow,  in  addition  to  verifying  the  pres- 
ence of  complete  flexion  and  extension,  the  freedom  of  rotation  of  the 
radial  head  must  be  determined  and  particularly  with  reference  to  out- 
ward rotation  (supination);  the  value  of  the  movements  of  pro-  and 
supination  in  activating  the  artificial  hand  will  depend  upon  the  degree 
possible,  the  loss  of  even  a  few  degrees  making  a  great  diflference.  Of 
the  movements  of  the  shoulder  girdle  (upward,  downward,  forward, 
backward,  and  circumduction),  the  upward  and  backward  ones  are  the 
most  important;  these  may  be  easily  tested  with  the  patient  lying  at  the 
edge  of  the  bed  or  turned  on  the  opposite  side.  At  the  knee  it  is  well  to 
remember  that  there  are  normally  a  few  degrees  of  recurvation.  In 
testing  the  hip,  the  presence  or  absence  of  flexion  deformity  may  be 
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determined  (following  the  method  used  in  hip  disease)  by  flexing  the 
opposite  thigh  fully  on  the  trunk,  the  stump  rising  from  the  bed  when  a 
contracture  exists,  or  with  the  patient  lying  on  the  face,  the  degree  of 
hyperextension  may  be  determined  (again  as  in  the  similar  test  used  in 
hip  disease)  by  lifting  the  stump  with  one  hand  while  holding  down 
the  buttock  with  the  other;  in  testing  the  amount  of  adduction,  move- 
ment of  the  pelvis  should  be  controlled  with  one  hand  while  the  other 
manipulates  die  stump. 

Mortality.  It  must  always  be  difficult  to  estimate  the  mortality 
of  any  given  form  of  amputation,  as  the  operations  are  done  for  such 
widely  diverse  conditions.  If,  however,  amputations  be  divided  into 
those  performed  for  cases  in  which  there  is  septic  infection  and  those  in 
which  there  is  none,  the  mortality  of  the  latter  group  should  consist  of 
only  those  cases  in  which  death  is  due  directly  to  the  severity  of  the 
operation  or  to  the  presence  of  some  intercurrent  disease.  This  risk  is 
greater  in  the  old  than  in  the  young,  and  is  much  increased  when  it  is 
done  for  accident,  probably  because  the  shock  of  the  accident  is  added 
to  the  shock  of  the  operation.  We  are  still  in  need  of  carefully  compiled 
statistics  of  the  various  forms  of  amputation  performed  with  full 
aseptic  precautions.  It  is  probable  that  the  mortality  of  all  except  ampu- 
tations high  up  in  the  thigh,  disarticulations  at  the  hip  and  shoulder 
joints,  and  Berger's  '  fore-quarter '  amputation,  will  prove  to  be  prac- 
tically nil,  while  of  the  other  forms  mentioned,  the  statistics  quoted  by 
Hasbrouck  (Surg,  Gyn,  &  Obstet,,  vol.  vi,  p.  289)  as  the  mortality  of 
Berger's  interscapulo-thoracic  amputation  may  be  taken  as  a  fair  sample. 
He  quotes  Schultz  as  giving  the  death-rate  for  1875-96  as  13.045^. 
Berger  gives  5J^,  and  Fowler  (1900)  gives  ii.i^.  Douglas  for  1887- 
1906  gives  the  rate  as  7.84^  for  153  cases,  which  should  be  a  fair 
average.  The  previous  figures  embrace  many  cases  done  under  faulty 
aseptic  technique. 
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CHAPTER  II 

AMPUTATIONS  OF  THE  HAND  AND  WRIST 

AMPUTATIONS  OF  THE  FINGERS 

The  rule  that  as  much  of  the  limb  as  possible  should  be  preserved  is 
of  special  importance  in  the  cases  of  the  fingers.  The  smallest  portion 
of  a  finger  that  can  be  saved  is  of  value  to  the  patient,  and  therefore 
an  irregular  operation  suitable  to  the  particular  needs  of  the  individual 
will  often  be  chosen  in  preference  to  any  set  amputation. 

Surgical  Anatomy.  Certain  points  must  be  borne  in  mind  in  all 
these  amputations.  In  the  first  place,  a  knowledge  of  the  level  of  the 
inter-phalangeal  joints  is  important,  as  the  operation  of  disarticulating 
is  much  facilitated  thereby.  The  prominences  of  the  finger-joints  are 
formed,  not  by  the  bases  of  the  distal,  but  by  the  heads  of  the  proximal 
phalanges,  and  the  levels  of  the  joints  are  one-twelfth,  one-sixth,  and 
one-third  of  an  inch  respectively  below  these  prominences,  counting 
from  the  last  inter-phalangeal  joint  upwards  to  the  metacarpo-phalangeal 
articulation. 

In  the  second  place,  the  arrangement  of  the  tendons  in  long  rigid 
tendon  sheaths,  which  gape  widely  after  section,  must  be  remembered. 
This  is  not  a  matter  of  importance  in  the  ordinary  aseptic  operations 
done  for  recent  injury  or  for  growth,  but  it  becomes  important  when 
the  amputation  is  performed  for  suppurative  affections,  such  as  whitlow 
or  an  old  injury.  Sepsis  can  spread  with  great  rapidity  along  the  open 
tendon  sheaths  into  the  palm  and  above  the  wrist  after  an  operation 
through  infected  tissues,  and  proper  precautions  must  be  taken  to  guard 
against  its  doing  so. 

The  mode  of  attachment  of  the  flexor  tendons  has  an  important 
bearing  upon  the  usefulness  of  the  stump  resulting  from  the  amputa- 
tion. The  flexor  profundus  sends  back  accessory  ligamentous  bands 
which  are  attached  to  the  middle  phalanx,  nearly  as  far  up  as  its  centre, 
and  therefore  this  attachment  is  retained  when  the  amputation  is  per- 
formed below  that  spot,  and  a  useful  movable  stump  results.  When, 
however,  the  amputation  is  done  above  this  point,  neither  the  flexor 
nor  the  extensor  tendons  have  any  attachment  to  the  phalanx,  and  they 
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retract  for  some  distance  up  their  sheath  when  they  are  divided,  so  that 
the  stump  of  the  finger  is  rendered  useless.  When  amputating  above 
the  centre  of  the  middle  phalanx,  therefore,  the  flexor  tendons  should 
be  seized  in  forceps  before  they  are  divided,  and  cut  as  long  as  possible; 
the  divided  ends  can  then  either  be  brought  across  the  end  of  the  bone 
and  sutured  to  the  extensor  tendon,  which  is  treated  in  a  similar  man- 
ner, or  sutured  to  the  edge  of  the  sheath  or  the  soft  parts  in  its 
immediate  vicinity.  If  this  precaution  be  taken,  the  old  rule,  that  ampu- 
tation should  not  be  performed  between  the  centre  of  the  middle  phalanx 
and  the  metacarpo-phalangeal  articulation  for  fear  of  obtaining  a  useless 
stump,  may  be  safely  discarded  in  favour  of  the  more  useful  rule  of 
retaining  as  much  of  the  finger  as  possible. 

An  important  practical  point  in  connexion  with  all  amputations  of 
the  fingers  is  that  the  cicatrix  should  be  properly  situated.  After  these 
amputations  the  pressure  falls  partly  upon  the  palmar  surface  and 
partly  upon  the  extreme  end  of  the  stump,  and  therefore  the  scar  should 
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Fig.  43.    Finger  Bistoury.    The  blade  is  very  narrow  in  proportion  to  its 
length  and  the  cutting  edge  is  horizontal. 

never  lie  in  either  of  these  regions;  consequently  the  amputation  should 
be  always  performed  by  unequal  flaps,  preferably  antero-posterior  ones, 
the  palmar  being  the  longer;  the  cicatrix  will  then  fall  well  above  the 
mid-point  of  the  end  of  the  stump.  A  cicatrix  exposed  to  pressure  is  a 
very  troublesome  matter  in  the  finger. 

DISARTICULATION  AT  THE  TERMINAL  INTER-PHALANGEAL  JOINT 

This  amputation  should  always  be  performed  by  means  of  a  single 
palmar  flap,  which  gives  a  firm  covering,  preserv^es  good  tactile  sensa- 
tion, and  places  the  scar  well  on  the  dorsal  aspect  of  the  finger.  It  is  fre- 
quently required  for  a  crush  of  the  finger,  and  it  is  more  difficult  to  per- 
form neatly  and  quickly  than  a  description  of  it  would  lead  one  to  think. 

The  disarticulation  is  performed  with  a  narrow-bladed  bistoury, 
called  a  *  finger  knife'  (see  Fig.  43),  the  special  features  of  which  are 
that  its  blade  is  narrow  in  comparison  with  its  length,  and  has  not  a 
belly  as  a  scalpel  has.  This  particular  form  is  to  enable  the  knife  to  be 
turned  easily  behind  the  base  of  the  phalanx  when  cutting  the  palmar 
flap.  In  length  the  knife  should  be  about  three  times  the  breadth  of  the 
finger  to  be  operated  upon. 

Operation.    An  assistant  pulls  the  adjacent  fingers  as  widely  apart 
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as  possible  with  strips  of  bandage  (see  Fig.  44),  and  the  surgeon,  placing 
the  pulp  of  his  left  index  finger  upon  the  palmar  surface  and  his  left 
thumb  upon  the  tip  of  the  nail  of  the  finger  to  be  operated  upon,  flexes  the 
joint  to  a  right  angle,  and  then  cuts  into  the  inter-phalangeal  articulation 
by  drawing  the  knife  across  the  extensor  surface  one-twelfth  of  an  inch 


Fig,  44.  Amputation  at  the  Terminal  Inter-phalangeal  Joint  by  the 
Long  Palmar  Klap,  Making  the  dorsal  incision.  The  fingers  are  held  out  of  ihe 
way  with  bandages  by  the  assistant,  who  stands  behind.  The  figure  shows  how 
Ihe  surgeon  grasps  the  tip  of  the  finger  and  opens  the  joint.  For  the  sake  of 
clearness  the  surgeon's  liands  have  been  figured  as  much  to  one  side  as  possible. 

below  the  prominence  formed  by  the  joint  (see  Fig.  44).  In  doing  this 
the  knife  should  be  held  strictly  at  right  angles  to  the  surface  of  the  skin, 
as  otherwise  this  will  be  bevelled  and  its  extreme  edge  may  slough.  The 
first  incision  should  divide  the  extensor  tendcn  and  open  the  joint;  the 
usual  mistake  is  to  cut  above  the  line  of  the  joint  when  trying  to  do  this. 
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The  finger  is  flexed  still  further,  and  the  knife  divides  the  lateral 
ligaments  l>y  light  movements  from  side  to  side  without  being  with- 
drawn from  the  wound.  The  base  of  the  terminal  phalanx  is  then 
pushed  firmly  forwards  by  the  surgeon's  left  index  finger  behind  it,  and 
the  knife  is  carried  across  the  joint,  dividing  the  glenoid  ligament  and 
the  insertion  of  the  flexor  digitorum  profundus.  When  the  anterior 
margin  of  the  base  of  the  phalanx  is  reached,  the  blade  of  the  knife, 


Fig.  45.  Amputation  at  the  Terminal  Inter-phalange al  Joint  by  the 
Long  Palmar  Flap.  Completing  the  palmar  incision.  The  figure  is  intended  to 
show  how  the  surgeon  holds  the  terminal  phalanx  when  he  finishes  cutting  the 
palmar  flap  so  as  to  avoid  wounding  his  own  fingers. 

which  has  hitherto  been  kept  horizontal,  is  turned  so  that  it  is  parallel  to 
the  palmar  surface  of  the  terminal  phalanx,  down  which  it  is  carried  by 
gentle  sawing  movements  until  it  reaches  the  point  at  which  the  finger 
begins  to  taper  to  its  end;  this  is  nearly  on  a  level  with  the  base  of  the 
free  edge  of  the  nail.  The  knife  is  now  turned  sharply  at  right  angles 
to  its  previous  direction,-  and  cuts  through  to  the  palmar  surface  with 


AMPUTATIONS  OF  THE  FINGERS 


217 


one  sawing  sweep.  As  the  knife  cuts  the  end  of  the  flap  the  phalanx  is 
grasped  between  the  thumb  and  forefinger  by  its  base  and  tip  (see 
Fig,  45),  so  as  to  avoid  the  risk  of  the  surgeon  wounding  his  own  index 
finger  when  the  knife  is  made  to  cut  out.  The  whole  operation  should 
be  done  without  removing  the  knife  from  the  incision. 

This  operation  fashions  a  rectangular  flap  containing  all  the  palmar 
structures,  and  of  ample  length  to  envelop  the  head  of  the  middle 
phalanx  and  place  the  cicatrix  just  on  the  dorsal  aspect  of  the  finger. 
No  tourniquet  is  needed,  and  as  a  rule  it  ts  not  necessary  to  ligature  any 
vessels,  as  only  the  terminations  of  the  digital  arteries  are  divided,  and 


Fig.  46.  Amputation  of  the  Tip  of  the  Thumb  bv  a  Long  Palmae  Flap. 
The  drawing  shows  the  distance  down  the  thumb  in  relation  to  the  nail  that  the 
palmar  incision  extends. 


the  bleeding  stops  readily  on  pressure.  Two  deep  sutures  of  silk  or 
silkworm-gut  are  required  to  keep  the  heavy  flap  in  position,  and  these 
may  be  reinforced  by  more  superficial  sutures  if  necessary.  The  dressing 
should  be  brought  round  over  the  end  of  the  stump  from  the  palmar  to 
the  dorsal  surface.  A  small  splint  is  put  on  to  steady  the  finger  and  to  fix 
the  wrist  and  finger  joints.  No  drainage  tube  is  required,  and  the  articu- 
lar surface  of  the  head  of  the  middle  phalanx  need  not  be  interfered  with. 
This  is  also  a  most  excellent  amputation  in  the  case  of  the  thumb 
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(see  Fig.  46),  as  it  gives  a  stump  full  of  tactile  sensation  and  capable 
of  bearing  pressure  well. 

AMPUTATION  THROUGH  ONE  OP  THE  PHALANGES 

This  may  be  done  by  a  single  long  palmar  flap,  which,  however, 
should  not  be  cut  as  in  the  preceding  operation.  It  is  marked  out  by 
carrying  an  incision  vertically  down  the  middle  of  each  lateral  surface 
of  the  finger,  far  enough  to  give  a  flap  of  sufficient  length;  the  lower 
ends  of  these  incisions  are  joined  by  a  transverse  cut  across  the  palmar 
surface  of  the  finger,  and  the  flap  thus  marked  out  is  raised,  the  flexor 
tendons  being  divided  on  a  level  with  the  lower  edge  of  the  flap  after 
having  been  secured  by  catch-forceps  to  prevent  them  from  retracting 
up  their  sheath.  The  upper  ends  of  the  two  lateral  incisions  are  then 
joined  by  a  transverse  cut  across  the  dorsum,  and  the  bone  is  cleared 
and  divided  with  a  fine  saw,  at  or  just  above  this  level. 

By  performing  this  amputation  by  antero-posterior  flaps,  the  anterior 
or  palmar  flap  being  about  three  times  as  long  as  the  dorsal,  the  bone 
can  be  divided  relatively  lower  down.  This  gives  a  good  stump  with  the 
cicatrix  placed  transversely  just  below  the  dorsal  aspect  of  the  bone. 

In  all  amputations  of  the  fingers  above  the  centre  of  the  middle 
phalanx  the  practice  of  uniting  the  cut  flexor  tendons,  either  to  the 
extensor  or  to  the  soft  parts  in  the  region  of  the  divided  end  of  the 
bone,  must  be  adhered  to  if  the  patient  is  to  have  a  useful  movable 
stump;  this  is  a  point  of  the  highest  importance,  the  neglect  of  which 
will  vitiate  an  otherwise  excellent  result. 

Numerous  other  forms  of  amputation  have  been  adopted.  Con- 
cerning them  it  may  be  remarked  that  those  by  equal  antero-posterior 
or  lateral  flaps  both  possess  the  serious  objection  that  the  cicatrix  is 
terminal,  and  therefore  the  patient  must  carefully  avoid  pressure  upon 
it — a  difficult  matter  in  the  case  of  the  fingers.  Similarly,  amputation 
by  a  large  internal  or  external  flap  is  not  perfectly  satisfactory,  as 
some  part  of  the  resulting  cicatrix  must  be  upon  the  palmar  surface  and 
therefore  exposed  to  pressure.  Amputation  by  a  single  dorsal  flap  is 
practically  out  of  the  question,  partly  because  of  the  difficulty  of 
fashioning  a  satisfactory  one,  and  partly  because  the  covering  resulting 
from  it  is  not  calculated  to  stand  pressure  well. 

DISARTICULATION  AT  THE  METACARPO-PHALANGEAL 

ARTICULATIONS 

A  large  number  of  amputations  have  been  practised  in  this  situa- 
tion, the  more  important  types  of  which,  namely,  the  circular  and  the 
oblique  racket  and  the  elliptical  incisions,  and  the  single  large  lateral 
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flap,  are  illustrated  in  Fig.  47.    The  cases  for  which  each  variety  is  most 
suitable  will  be  indicated  when  each  particular  operation  is  described. 

Surgical  Anatomy.  There  are  certain  points  to  be  remembered 
in  connexion  with  all  amputations  in  this  situation.  There  is  not  the 
same  objection  to  a  terminal  cicatrix  in  these  operations  as  there  is  in 
the  case  of  the  fingers.  After  an  amputation  of  the  middle  and  ring 
fingers,  the  pressure  falls  upon  the  palmar  surface,  and  the  head  of  the 
bone  is  so  protected  by  the  adjacent  metacarpals  that  it  is  not  exposed 
to  direct  pressure;  therefore  the  cicatrix  may  safely  be  terminal,  and 


.Fig.  47.  Amputations  at  the  Metacarpo-phalangeal  Articulations.  The 
amputation  of  the  index  finger  is  Farabeuf's  large  radical  flap;  that  of  the'  middle 
is  the  ordinary  transverse  circular  racket ;  that  of  the  ring  finger  is  similar  to  the 
middle,  except  that  it  shows  the  method  of  slightly  rounding  off  the  flaps  to  make 
the  cicatrix  more  sightly  (by  an  oversight  the  corresponding  palmar  portions  of 
these  incisions  have  been  transposed ;  that  on  the  middle  finger  should  be  on  the 
ring  finger  and  vice  versa).  The  amputation  of  the  little  finger  is  the  oblique 
racket  and  is  meant  for  use  when  the  head  of  the  metacarpal  bone  is  removed 
with  the  finger. 

indeed  is  so  in  the  most  popular  forms  of  this  operation.  There  are, 
however,  three  situations  in  which  a  terminal  cicatrix  may  be  of  dis- 
advantage to  the  patient;  they  are  the  thumb,  the  index  and  the  little 
finger  joints.  In  the  thumb  the  pressure  falls  upon  the  palmar  and  the 
radial  aspects  of  the  head  of  the  metacarpal,  and  disarticulation  at  the 
first  metacarpo-phalangeal  joint  therefore  should  be  done  by  an 
external  or  by  a  palmar  flap  if  possible.    In  the  case  of  the  index  finger 
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the  pressure  falls  upon  the  palmar  and  radial  aspects  also,  and  the  form 
of  flap  most  suited  to  these  cases,  therefore,  is  a  large  external  or  radial 
flap,  while  in  the  case  of  the  little  finger  the  ulnar  aspect  bears  most  of 
the  pressure  and  a  large  flap  is  therefore  preferable. 

An  important  practical  point  to  remember  is  the  large  size  of  the 
head  of  the  metacarpal,  and  a  common  mistake  made  in  performing  any 
of  these  amputations  is  to  commence  the  incision  too  high  above  the 
joint  line,  when,  if  the  form  of  amputation  be  one  by  incisions  that 
diverge  from  one  another,  insufficient  soft  parts  are  left  to  cover  the 
head  of  the  bone.  The  incision  for  a  simple  disarticulation  should 
never  be  begun  much  above  the  level  of  the  joint  line,  which  in  the 
case  under  discussion  is  one-third  of  an  inch  below  the  prominence  of 
the  knuckle.  The  flexor  and  extensor  tendons  are  divided  at  the  upper 
limit  of  the  incision  and  are  allowed  to  retract.  There  is  no  need  to 
close  the  flexor  sheath  when  the  amputation  is  being  done  for  a  whitlow, 
as  it  collapses  spontaneously  instead  of  remaining  widely  open,  as  it 
does  after  amputations  below  the  metacarpo-phalangeal  articulation. 

Amputation  by  the  circular  racket  incision.  By  a  circular 
racket  is  meant  one  consisting  of  two  incisions,  a  vertical  and  a  circular 
one,  the  plane  of  the  latter  being  at  right  angles  to  that  of  the  former 
(see  Fig.  47). 

Indications.  This  is  perhaps  the  most  generally  useful  method  for 
disarticulation  at  those  metacarpo-phalangeal  joints  in  which  the  cicatrix 
is  not  likely  to  be  exposed  to  direct  pressure:  e.g.  those  of  the  middle 
or  ring  fingers,  in  which  the  neighbouring  fingers  protect  the  cicatrix 
from  undue  pressure.  It  is  easy  to  perform  and  gives  a  good  covering 
to  the  head  of  the  metacarpal,  but  it  is  apt  to  leave  a  projection  on  the 
palmar  surface  (see  Fig.  48)  which,  although  it  may  impair  the  aesthetic 
result,  is  of  no  consequence  as  far  as  the  usefulness  of  the  hand  is  con- 
cerned.   The  amputation  is  particularly  suited  for  labouring  men. 

Operation.  The  surgeon  faces  the  tips  of  the  fingers  and  seizes 
the  particular  finger  to  be  operated  upon  in  his  left  hand,  while  the 
assistant  draws  the  other  fingers  away  from  it  with  bandage  retractors 
(see  Fig.  44).  A  circular  sweep  is  made  around  the  finger  on  the  level 
of  the  free  margin  of  the  inter-phalangeal  web,  dividing  only  the  skin 
and  deep  fascia.  A  vertical  incision  is  then  made  in  the  middle  line  of 
the  dorsum  from  the  level  of  the  metacarpo-phalangeal  articulation 
{vide  supra)  down  to  the  circular  incision  (see  Fig.  47).  The  flaps 
thus  marked  out  are  raised  with  knife  and  forceps,  the  extensor  tendon 
is  divided  at  the  level  of  the  articulation,  the  edges  of  the  flap  are  hooked 
back  by  an  assistant,  and  the  surgeon,  taking  the  finger  in  his  hand, 
hyper-extends  it  and  bends  it  from  side  to  side  as  may  be  necessary,  while 
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he  divides  the  soft  parts  from  the  phalanx,  cuts  across  the  flexor  tendon 
at  the  level  of  the  base  of  the  proximal  phalanx,  divides  the  glenoid  and 
lateral  ligaments,  and  disarticulates.  No  tourniquet  is  needed,  as  the 
vessels  can  be  picked  up  as  they  are  divided. 

The  wound  is  sewn  up  without  a  drainag;e  tube,  and  gives  a  scar 
running  across  the  head  of  the  metacarpal  bone  from  the  palmar  to  the 
dorsal  surface.  The  somewhat  ugly  projection  left  on  the  palmar  surface 
when  sewing  up  this  incision  may  be  obviated  by  taking  out  a  small 
V-shaped  piece  of  the  flap  in 
front  (see  Fig,  48) ;  this  makes 
the  operation  somewhat  similar 
to  one  by  lateral  flaps. 

Ampiitation  by  an  ob- 
lique racket  incision.  By 
an  oblique  racket  is  meant  one 
in  which  the  plane  of  the  head 
of  the  racket  is  inclined  at  an 
obtuse  angle  to  that  of  the  han- 
dle. In  the  case  of  the  meta- 
carpo-phalangeal  joints,  this 
particular  form  of  amputation 
is  only  suitable  for  those  cases 
in  which  the  head  of  the  meta- 
carpal bone  is  to  be  removed 
as  well  as  the  flnger;  in  other 
words,  the  operation  is  not  a 
true  disarticulation. 

Indications.  Removal  of 
the  head  of  the  metacarpal 
bone  along  with  the  finger  is 
practised  for  the  sake  of  sym- 
metry only,  and  possesses  no 
other  advantages.  The  strength 
of  the  grasp  and  the  utility  of 
the  hand  are  impaired  if  the 
head  of  any  of  the  metacapal 
bones  be  removed,  and  therefore  in  labourers  and  in  all  those  who  are 
desirous  of  preserving  a  strong  grasp,  the  head  of  the  bone  should  not 
be  taken  away.  In  women,  however,  the  removal  of  the  head  of  the 
metacarpal  bone  gives  such  a  good  esthetic  result  that  the  fact  of 
the  finger  having  been  amputated  may  actually  escape  notice;  it  gives 
a  particularly  good  result  in  the  index  and  little  fingers. 


Fig.  48,  The  Projection  left  after 
Disarticulation  at  the  Metacarpo-pha- 
langeal  joint  by  the  circular  racket 
Method.  The  incision  shown  at  the  base 
of  the  ring  finger  is  the  modification  of 
the  ordinary  transverse  incision  necessary 
to  prevent  the  formation  of  the  rather  un- 
sifihtly  projection  formed  when  the  wound 
is  sewn  up,  as  is  shown  in  the  case  of 
the  middle  finger. 
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Operation.     The  surgeon  stands  facing  the  limb,  as  before,   and 
grasps  the  finger  to  be  operated  upon  in  his  left  hand,  while  his  assistant 
keeps  the  other  fingers  out  of  the  way,  either  with  his  fingers  or  with 
bandage  retractors.    The  incision  is  commenced  nearly  half-way  along 
the  dorsal  aspect  of  the  metacarpal  bone,  and  is  carried  vertically  down  it 
as  far  as  the  neck  of  the  bone.  Here  it  diverges  to  the  right  and  is  carried 
to  the  free  margin  of  the  web,  then  transversely  across  the  palmar  sur- 
face of  the  finger  on  a  level  with  the  highest  crease  at  its  base,  and  back 
again  from  the  free  margin  of 
the  web  on  the  left  side  to  the 
point  at  which  it  diverged  from 
the    vertical     incision.       This 
marks    out   a    racket    incision 
with  an  oval  head    (see   Fig. 
47).     The  flaps  are  dissected 
up  as  before,  but  in  this  case 
the  dissection  is  carried   fur- 
ther back  and  without  opening 
the  metacarpo-phalangeal  joint. 
The  transverse  ligaments  unit- 
ing the  head  of  the  metacarpal 
to    the     adjacent    bones     are 
divided,  and  the  head  and  neck 
of  the  bone  are  cleared  with  a 
raspatory.     The  neck   of   the 
bone   is   then   sawn    obliquel)' 
from  above  downwards,  from 
the  dorsal  to  the  palmar  sur- 
face in  the  case  of  the  third 
or  fourth  metacarpals;  in  the 
case  of   the   index    finger   the 
line   of    section    will   be    from 
above    downwards     from     the 
radial  to  the  ulnar  side,  while 
in  that  of  the  little  finger  the 
obliquity     will     be     from     the 
ulnar  to  the  radial  side. 
iMg,  49  shows  the  various  modifications  that  may  have  to  be  made  in 
these  different  forms  of  racket  incisions.    If  either  the  thumb,  index  or 
little  fingers  are  to  be  amputated  by  the  circular  racket  method,  the  inci- 
sion should  always  be  planned  so  that  the  scar  does  not  lie  near  the  line 
of  pressure.    Thus,  in  the  thumb  or  index  finger  the  handle  of  the  racket 


Fig.  49.  Racket  Incisions  fob  Dis- 
articulation AT  THE  Metacarpo-pha- 
langeal Joints  of  the  Thumb,  Index  a 
Little  Fingers.  The  drawing  shows  the 
way  in  which  the  handles  of  the  racket  are 
placed  so  as  to  lie  out  of  the  way  of  pres- 
sure. It  also  shows  the  slight  prolongation 
of  the  lateral  flap  on  the  side  from  which 
pressure  is  lo  be  expected. 
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should  be  placed  well  on  the  ulnar  side  of  the  extensor  tendon,  and 
it  is  well  also  to  make  the  circular  incision  around  the  phalanx  not  quite 
at  right  angles  to  the  long  axis  of  the  finger,  but  somewhat  oblique,  so 
that  the  skin  flap  on  the  radial  side  is  longer  than  on  the  opposite  side. 
This  allows  the  cicatrix  to  be  drawn  over  to  the  ulnar  side,  out  of  the 
way  of  pressure.  In  the  little  finger- the  vertical  incision  should  be  on 
the  radial  side  of  the  extensor  tendon,  and  the  flap  should  be  longer  on 
the  ulnar  side,  so  as  to  throw  the  cicatrix  over  towards  the  ring  finger. 

Amputation  by  a  single  large  lateral  flap    (Farabeuf*s 

amputation).  IncUcations.  This  amputation  is  particularly  suitable 
for  the  thumb,  the  index,  or  the  little  finger.  In  the  case  of  the  thumb 
or  the  index  finger,  the  flap  is  cut  from  the  radial  and  palmar  surfaces, 
whilst  in  the  case  of  the  little  finger  it  is  fashioned  from  the  ulnar  and 
palmar  surfaces.  The  incision  for  the  flaps  is  identical  in  the  two  cases, 
and  the  operation  is  similar  to  that  for  the  great  toe  (see  p.  2yy^,  The 
stump  in  each  case  is  very  good,  as  the  large  flap  covers  the  head  of  the 
bone  easily,  and  the  cicatrix  lies  well  out  of  the  way  of  pressure. 

Operation.  The  surgeon  stands  facing  the  tips  of  the  fingers  and 
seizes  the  one  to  be  operated  upon  in  his  left  hand,  dorsal  surface  upper- 
most, his  assistant  meanwhile  keeping  the  adjacent  fingers  out  of  the 
way  with  a  suitable  bandage  retractor  (see  Fig.  44).  When  operating 
upon  the  right  index  finger  the  incision  is  begun  exactly  on  a  level  with 
the  line  of  the  joint  just  to  the  radial  side  of  the  extensor  tendon,  and 
is  carried  vertically  down  until  it  is  just  below  the  level  of  the  free 
margin  of  the  interdigital  web;  this  will  be  nearly  half-way  down  the 
proximal  phalanx.  It  is  then  sloped  outwards  over  the  radial  side  of 
the  finger  with  a  slight  convexity  downwards  until  it  reaches  the  junc- 
tion of  the  inner  w- ith  the  palmar  surface ;  thence  it  is  carried  upwards 
across  the  palmar  surface  to  the  junction  with  the  interdigital  web  just 
below  the  highest  transverse  palmar  crease.  From  this  point  it  passes 
back  across  the  dorsal  aspect  of  the  web  by  the  shortest  possible  route  to 
the  point  from  which  it  started.  This  incision  may  be  made  in  one 
sweep,  the  left  hand  raising  and  manipulating  the  finger  meanwhile,  but 
it  is  easier  to  do  it  in  two. 

In  the  case  of  the  left  index  finger  (see  Fig.  47)  the  incision  is 
marked  out  in  the  reverse  direction,  passing  from  the  same  starting- 
point  as  before  to  the  interdigital  web,  then  across  the  palmar  surface  of 
the  finger,  and  finally  back  to  the  commencement  of  the  incision.  The 
edges  of  the  skin  are  seized  in  forceps,  and  the  flap  is  raised  right  up  to 
its  base.  The  extensor  tendon  is  divided  on  a  level  with  the  joint,  and 
the  surgeon  then  takes  the  finger  and  disarticulates  in  the  usual  manner, 
the  large  flap  being  well  retracted  meanwhile.     The  easiest  plan  is  to 
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open  the  joint  from  the  ulnar  side  and  to  complete  the  disarticulation  by 
the  division  of  the  glenoid  ligament  and  the  flexor  tendon. 

Amputation  of  the  thumb  is  done  in  almost  exactly  the  same  man- 
ner; that  of  the  little  finger  is  also  similar,  except  that  the  flap  is  an 
internal  instead  of  an  external  one  (see  Fig.  50). 

Amputation  by  an  elliptical  incision.  Indications.  This  ampu- 
tation is  particularly  useful  in  the  thumb,  and  really  fashions  a  long 
palmar  flap  which  is  admirably  calculated  to  bear  pressure.  In  ampu- 
tating the  thumb  the  surgeon  should  always  endeavour  to  save  as  much 
bone  as  possible,  for,  as  Farabeuf  remarks,  the  thumb  is  more  valuable 


Fig.   50.    Farabeuf's   Amputation   at  the   Metacabpo-phalangeal   Joints 
OF  THE  Thumb  and  Little  Finger, 

than  all  the  other  fingers  put  together,  and  even  the  smallest  amount  of 
bone  saved  is  of  the  greatest  importance,  and  therefore  the  surgeon 
should  never  disarticulate  unless  he  is  driven  to  do  so,  and  should  never 
choose  that  operation  in  preference  to  one  that  will  retain  a  portion  ot 
the  proximal  phalanx  merely  for  the  sake  of  making  a  neat  and  tidy  job. 
When  amputating  the  thumb  it  must  be  remembered  that  the  pressure  . 
falls  largely  upon  the  palmar  and  to  some  extent  on  the  radial  surface, 
and  if  possible,  therefore,  the  cicatrix  should  be  placed  so  that  it  does 
not  fall  in  either  of  these  situations. 

Operation.  The  thumb  is  seized  and  abducted  fully  with  the  left 
hand,  and  a  U-shaped  incision  with  its  convexity  directed  upwards  is 
made  on  the  dorsal  aspect  of  the  thumb  with  its  highest  point  tmmedi- 
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aiely  below  the  line  of  the  metacarpo-phalangeal  joint.  The  lateral 
limbs  of  the  incision  run  down  the  centre  of  the  lateral  aspect  of  the 
thumb  {see  Fig.  51).  The  best  plan  is  to  begin  the  incision  almost  on 
the  level  of  the  inter-phalangeal  joint  in  the  middle  of  the  left-hand  side 
of  the  thumb  as  it  faces  the  surgeon  with  its  dorsal  aspect  upwards,  carry 
it  up  to  just  below  the  level  of  the  metacarpo-phalangeal  joint,  then 
almost  transversely  across  the  dorsal  aspect  and  down  again  on  the 


Fig.  51. 


right-hand  side  to  the  level  of  the  commencement  of  the  incision  on  the 
opposite  side.  The  thumb  is  then  raised  so  that  the  palmar  surface  is 
exposed,  and  the  two  lower  ends  of  the  incision  are  joined  by  a  curved 
incision  convex  downwards  across  the  palmar  aspect  of  the  thumb  from 
'eft  to  right  just  above  the  level  of  the  transverse  crease.  The  palmar 
flap  is  raised  down  to  the  tendon  sheath,  and  the  flexor  tendon  is  divided 
opp<isite  the  base  of  the  first  phalanx.  The  surgeon  then  hyper-extends 
the  thumb  forcibly  with  his  left  hand  and  opens  the  joint  by  dividing  the 
glenoid  ligament  with  the  point  of  his  knife,  the  assistant  meanwhile 
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retracting  the  flap  and  fixing  the  metacarpal  bone.  A  few  touches  of 
the  point  of  the  knife  complete  the  disarticulation,  the  thumb  being 
twisted  from  side  to  side  as  may  be  necessary. 

Amputation  of  a  digit  with  its  metacarpal  bone.  Indications. 
Removal  of  a  finger  together  with  the  whole  of  its  corresponding 
metacarpal  bone  is  rarely  required  except  for  severe  crushes  of  the 
thumb;  it  is  rare  to  find  the  entire  metacarpal  crushed  in  the  case  of 
the  other  fingers  except  when  several  are  damaged.  In  septic  cases  it 
is  generally  possible  to  save  a  portion  of  the  base  of  the  bone,  whilst  in 
tuberculous  cases  it  may  be  possible  to  excise  the  metacarpal  bone  alone 
without  removing  its  corresponding  finger;  either  of  these  procedures 
is  preferable  to  removal  of  the  finger  and  the  entire  metacarpal.  In  the 
case  of  the  thumb  it  is  important  to  remember  that  some  portion  of  the 
metacarpal  bone  should  always  be  left  if  this  can  be  done  safely,  as 
the  least  part  remaining  gives  a  certain  steadiness  and  mobility  to  the 
stump,  which  it  would  otherwise  lack. 

Amputation  of  the  thumb  with  its  metacarpal  bone.  At  the 
present  day  this  amputation  is  almost  always  performed  by  means  of  an 
oblique  racket  incision  with  a  short  handle  and  a  long  oval  racket  (see 

Fig.  52). 

Operation.  The  surgeon  stands  facing  the  hand,  which  is  held  mid- 
way between  pronation  and  supination,  and  seizes  the  thumb  between  his 
left  thumb  and  itidex  finger,  holding  it  either  horizontal  or  slightly  flexed 
with  the  dorsal  surface  upwards.  The  point  of  the  knife  is  inserted  a 
finger's  breadth  below  the  radial  styloid  process  over  the  tendons  of  the 
extensor  ossis  metacarpi  (abductor  pollicis  longus)  and  primi  internodii 
pollicis  (extensor  pollicis  brevis)  and  carried  along  the  metacarpal  bone 
for  an  inch.  The  incision  must  not  commence  further  out  on  the  dorsal 
surface  than  the  tendons  mentioned,  otherwise  the  radial  artery  will  be 
damaged  as  it  lies  in  the  *  anatomical  snuff-box '.  The  incision  is  now 
made  to  diverge  to  the  surgeon's  right  hand  so  as  to  encircle  the  neck 
of  the  metacarpal  bone,  and  it  is  carried  round  across  the  palmar  surface 
to  the  free  edge  of  the  interdigital  web  quite  close  to  its  junction  with 
the  thumb.  As  the  palmar  portion  of  the  incision  is  being  traced  out  the 
thumb  is  hyper-extended.  This  is  as  far  as  the  incision  can  be  carried 
at  one  sweep,  and  the  surgeon  then  flexes  the  thumb,  and,  passing  his 
knife  over  the  dorsal  surface,  continues  the  incision  from  the  last  point 
back  around  the  neck  of  the  bone,  on  the  same  level  as  on  the  opposite 
side,  to  the  point  at  which  the  divergence  from  the  middle  line  com- 
menced, namely,  an  inch  from  the  commencement  of  the  incision. 

In  order  to  get  satisfactory  covering  for  the  stump  it  is  necessary  to 
carry  the  racket  sufficiently  close  to  the  neck  of  the  bone,  and  for  this 


AMPUTATIONS  OF  THE  FINGERS 


227 


purpose  the  line  of  what  Farabeuf  calls  '  the  opposition  crease '  should 
be  followed.  This  is  the  crease  seen  on  the  palmar  and  radial  aspects 
of  the  thumb  just  above  the  metacarpo-phalangeal  articulation,  which 
is  brought  into  special  prominence  when  that  joint  is  flexed  and  the 
thumb  adducted;  it  can  always  be  made  out. 

The  incision  is  deepened  all  round,  and  the  extensor  tendons  are 
divided  as  they  are  met  with  in  the  wound ;  they  will  be  divided  at  the 


Fig.  52.    Amputation  of  the  Thumb  with  its  Metacarpal  Bone  by  the 

Oblique  Racket  Incision. 

commencement  of  the  incision  in  the  left  hand,  but  at  the  end  of  it  in 
the  right.  The  thumb  is  now  grasped  by  the  left  hand  and  forcibly 
hyper-extended,  and  the  knife  is  drawn  across  the  palmar  aspect  of  the 
neck  of  the  bone,  dividing  the  flexor  tendon  and  all  the  soft  parts.  The 
muscles  are  dissected  cleanly  off  the  metacarpal  bone  right  back  to  its 
base,  the  knife  being  kept  very  close  to  the  bone  throughout.  The  line 
of  the  carpo-metacarpal  articulation  may  be  identified  by  abducting  and 
adducting  or  flexing  and  extending  the  thumb;  as  soon  as  it  is  evident, 
the  point  of  the  knife  is  inserted  into  the  joint  from  the  dorsal  aspect 
and  the  ligaments  on  the  outer  side  are  divided.     Care  must  be  taken 
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not  to  damage  the  radial  artery,  which  passes  between  the  first  and 
second  metacarpal  bones  at  the  upper  end  of  the  first  interosseous  space ; 
the  head  of  the  bone  should  be  twisted  out  as  much  as  possible,  and,  as 
disarticulation  proceeds,  only  the  point  of  the  knife  is  used  to  divide  the 
ligamentous  structures  (see  Fig.  53).  The  soft  parts  in  the  first  inter- 
osseous space  must  be  protected  from  injury  during  disarticulation  by 
a  suitable  retractor. 

Amputation  of  a  finger  with  its  corresponding  metacarpal  bone. 
The  only  finger  for  which  this  operation  is  really  useful  is  the  little 
finger.  When  disease  affects  the  metacarpal  bone  as  well  as  the  finger, 
complete  removal  of  the  little  finger  with  its  metacarpal  gives  a  neat 
appearance  to  the  resulting  hand,  which  is  not  materially  weakened 
thereby.  The  peculiar  manner  in  which  the  other  metacarpal  bones  are 
wedged  in  between  each  other,  however,  renders  their  complete  removal 
difficult,  and  therefore,  if  it  be  feasible,  it  is  advisable  to  stop  short  of 
complete  disarticulation  and  to  divide  the  shaft  of  the  bone  before  its 
base  is  reached.  This  renders  the  operation  easier  as  well  as  safer,  since 
it  diminishes  the  chance  of  wounding  the  deep  palmar  arch,  an  accident 
of  some  importance  owing  to  the  difficulty  of  securing  the  wounded 
vessel;  moreover,  it  avoids  opening  the  general  synovial  cavity  of  the 
wrist,  which  would  be  a  matter  of  importance  were  the  mischief,  for 
which  the  amputation  is  being  performed,  either  septic  or  tuberculous. 

When  removing  the  little  finger  with  its  corresponding  metacarpal 
bone,  the  only  point  of  importance  is  to  see  that  the  cicatrix  does  not  lie 
along  the  ulnar  border  of  the  hand,  as  in  that  case  it  will  be  exposed 
to  injurious  pressure;  therefore  the  incision  should  be  well  on  the  dorsal 
surface. 

Operation.  The  incision  commences  over  the  base  of  the  fifth  meta- 
carpal well  up  on  its  dorsal  aspect;  it  then  runs  dow^n  over  its  sub- 
cutaneous surface  to  just  below  its  centre,  whence  it  diverges  to  the  ulnar 
side  of  the  little  finger  just  below  the  level  of  the  free  margin  of  the 
web;  then  it  passes  around  the  palmar  aspect  of  the  finger,  nearly 
parallel  to  but  just  below  the  transverse  crease  at  the  base  of  the  finger, 
to  the  junction  of  the  little  finger  with  the  web,  and  from  this  point  back 
to  the  point  at  which  it  diverged  from  the  middle  line  (see  Fig.  54). 
The  incision,  which  is  cut  in  an  almost  exactly  similar  manner  to  that  for 
the  thumb  (see  p.  226),  is  now  deepened  all  round,  and  the  soft  parts 
are  dissected  up  from  the  bone  on  the  inner  aspect  of  the  wound.  The 
flap  is  held  aside  by  the  operator's  left  thumb  or  forefinger,  while  the 
knife  is  passed  around  the  neck  of  the  bone,  dividing  the  flexor  tendon 
and  the  transverse  ligament  uniting  the  heads  of  the  fifth  and  fourth 
metacarpals.     This  allows  the  former  bone  to  be  pulled  inwards  away 
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from  the  latter,  so  that  the  interossei  can  be  separated  from  the  radial 
side  of  the  bone  right  down  to  its  base.  Disarticulation  is  not  easy;  to 
facihtate  it  the  surgeon  may  either  make  a  transverse  incision  across  the 
commencement  of  the  handle  of  the  racket,  or  he  may  prolong  the  inci- 
sion inwards  in  a  curved  manner  as  recommended  by  Farabeuf  {see 
Fig.  54).  After  the  soft  parts  have  been  dissected  up  a  little  more,  the 
interosseous  ligaments  uniting  the  base  of  the  fifth  to  that  of  the  fourth 


Frc.  54.  Incisions  for  Removal  of  a  Finger  with  its  Corresponding 
Metacarpal  Bone.  The  incisions  shown  are  those  appropriate  for  the  particular 
fingers  to  which  they  are  attotted.  In  the  little  finger  the  handle  of  the  rackel  is 
curved  away  to  tlie  inner  border  of  the  hand,  and  the  flap  on  the  ulnar  side 
reaches  rather  lower  down  than  its  fellow  in  order  to  Ret  the  cicatrix  out  of  the 
way  of  pressure.  In  the  case  of  the  index  finger  the  reverse  is  the  case.  In  the 
middle  finger  the  removal  of  the  metacarpal  bone  is  facilitated  by  the  transverse 
incision  at  the  upper  end  o(  the  incision. 

metacarpal  are  divided  by  a  few  touches  of  the  knife,  the  finger  being 
twisted  in  any  desired  <iirection  in  order  to  facilitate  this. 

The  resulting  stump  is  very  good.  Xo  drainage  tube  is  necessary 
either  in  this  case  or  for  the  similar  amputation  in  the  thumb,  as  the 
dressing  will  keep  the  parts  in  good  position  if  it  !>e  firmly  wound  round 
the  hand  after  the  sutures  have  been  applied,  and  this  suffices  to  prevent 
blood  from  accumulating  Ijetween  the  flaps.    The  hand  should  be  placed 
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on  a  straight  palmar  splint,  which  fixes  the  wrist-joint;  the  forearm  is 
carried  in  a  sling. 

Amputation  of  more  than  one  finger  with  their  corresponding 
metacarpal  bones.  The  operations  of  this  kind  that  may  be  called  for 
are  so  diverse  that  it  is  useless  to  attempt  a  full  description  of  the 
various  procedures  that  may  be  employed;  in  every  case  the  flaps  must 
be  planned  so  that  as  little  as  possible  of  the  bone  is  removed  The 
nature  of  the  injury  itself  will  generally  preclude  any  set  operation,  as 
the  soft  parts  will  probably  be  damaged  very  irregularly  and  in  various 
directions,  and  the  surgeon  will  often  be  able  to  patch  his  flaps  together 


Fig.  55.    Incisions  suitable  for  Removal  of  Three  Fingers  with  their 

Corresponding  Metacarpal  Bones. 


so  as  to  save  a  larger  amount  of  bone  than  he  would  l^e  able  to  do  with 
a  set  amputation.  Fig.  55  shows  a  useful  incision  when  two  or  three 
fingers  are  crushed  and  require  removal.  Occasionally  it  happens  that 
all  four  fingers  are  crushed,  as  in  machinery  accidents,  when  Fig.  56 
shows  a  good  method  of  amputating.  This  is  really  a  series  of  ampu- 
tations by  antero-postero  flaps,  the  anterior  being  cut  along  the  level  of 
the  palmar  crease,  whilst  the  dorsal  flaps  reach  well  below  the  level  of 
the  interdigital  web  to  allow  for  retraction. 

Fig.  57  shows  an  incision  for  the  removal  of  the  four  fingers  and 
their  respective  metacarpal  bones  by  a  somewhat  elliptical  incision.     In 
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a  case  like  this  the  metacarpals  would  not  be  disarticulated,  but  would 
be  sawn  across  near  their  bases. 


Fig.  56.    Incisions  for  Removal  of  all  the  Fingers.    These  are  really  a 
series  of  separate  incisions  for  each  disarticulation. 


Fig.  57.     Incisiom  for  Removal  of  all  the  FmaERs  WITH  their  Corbe- 
spoNiiiNc  Metacarpal  Bones.     This  may  be  modified  when  it  is  desired  to  retain 

portions  of  the  metacarpal  bones. 
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DISARTICULATION  AT  THE  WRIST- JOINT 

This  amputation  should  be  practised  in  preference  to  one  through 
the  lower  third  of  the  forearm  whenever  the  condition  of  the  soft  parts 
allows  of  it;  the  resulting  stump  is  greatly  superior,  owing  to  the  preser- 
vation of  the  inferior  radio-ulnar  joint,  the  insertion  of  the  supinator 
longus  (brachio-radialis)  muscle,  and  the  styloid  processes,  which  pro- 
vide good  purchase  for  the  artificial  limb  and  preserve  the  movements 
of  pronation  and  supination.  It  is  not  suited  for  tuberculous  disease  of 
the  wrist,  however,  owing  to  the  early  implication  of  the  tendon  sheaths 
in  the  neighbourhood  of  the  joint  that  occurs  in  that  affection. 

The  artificial  hand  is  generally  fixed  to  the  end  of  the  stump  by  a 
firm  band  around  the  wrist,  and  therefore  the  cicatrix  should  not  lie 
over  the  expanded  ends  of  the  bones,  as  in  that  case  it  will  be  com- 
pressed by  the  apparatus.  A  terminal  cicatrix  is  not  open  to  this  objec- 
tion, however,  as  it  falls  into  the  hollow  space  between  the  styloid  proc- 
esses of  the  radius  and  ulna  and  so  escapes  pressure.  If  a  single  flap  be 
employed,  it  should  be  a  long  anterior  one,  as  the  integument  of  the 
palm  is  well  adapted  to  bear  pressure,  and  the  cicatrix  is  drawn  high  up 
on  to  the  dorsal  surface  of  the  forearm  afterwards,  where  it  is  fairly 
well  out  of  the  way  of  undue  friction.  There  are  three  methods  of  dis- 
articulating at  the  wrist-joint,  all  of  which  are  good :  they  are : — 

(i)  The  Circular  Amputation,  (ii)  By  an  Elliptical  Incision,  (iii) 
By  a  Single  Anterior  Flap.  Of  these  the  circular  amputation  is  the  best 
on  the  whole.     It  is  done  as  follows: — 

Amputation  by  a  circular  incision.  A  tourniquet  is  applied  to 
the  brachial  artery  around  the  middle  of  the  upper  arm,  the  forearm  is 
drawn  well  away  from  the  side  and  held  horizontal  by  an  assistant, 
whilst  the  surgeon  stands  facing  the  trunk  with  the  patient's  hand 
grasped  in  his  left  hand.  The  hand  is  now  rotated  over  towards  the 
surgeon's  right,  i.e.  if  it  be  the  right  hand  it  will  be  fully  supinated,  if 
the  left,  fully  pronated.  The  knife  is  entered  about  an  inch  and  a  half 
vertically  below  the  tip  of  the  styloid  process  on  the  surgeon's  left,  and 
is  carried  across  the  upper  aspect  of  the  hand  with  a  slight  convexity 
downwards,  and  then  round  across  the  opposite  side  to  meet  the  com- 
mencement of  the  incision,  the  hand  being  rotated  meanwhile  to  meet 
the  knife,  so  that  its  original  position  is  exactly  reversed  when  the  inci- 
sion is  completed.  This  incision  forms  a  circular  sweep  around  the  limb 
a  full  inch  below  the  level  of  the  wrist-joint  (see  Fig.  58)  and  should 
be  deepened  sufficiently  to  allow  the  skin  to  retract  fully.  The  hand  is 
then  given  to  an  assistant,  and  the  surgeon  raises  the  cuff  of  soft  parts 
that  the  incision  has  marked  out  by  pinching  up  the  cut  edge  and  divid- 
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ing  the  cellular  tissue  with  a  few  touches  of  the  knife;  the  skin  is  raised 
until  the  tips  of  the  styloid  processes  are  exposed,  and  is  kept  well  out 
of  the  way  by  an  assistant. 

The  surgeon  now  takes  the  hand  again,  pronates  it,  flexes  it  firmly, 
feels  for  the  styloid  process  on  his  left-hand  side,  and  divides  the  lateral 
ligaments  with  the  point  of  the  knife,  which  is  then  drawn  across  the 
dorsal  aspect  of  the  joint,  dividing  the  posterior  ligament  together  with 
the  extensor  tendons,  and  finally  the  lateral  ligament  on  the  right-hand 
side  (see  Fig.  6i).  This  opens  the  joint,  which  is  then  fully  flexed, 
whilst  the  surgeon  proceeds  to  separate  from  left  to  right  the  soft  parts 
from  the  arch  formed  by  the  pisiform  and  unciform  bones,  twisting  the 
hand  and  pulling  it  away  from  the  forearm  meanwhile,  so  as  to  define 
accurately  the  structures  he  is  dividing.    When  this  has  been  done,  the 


Fig.  58.    Disarticulation  at  the  Wrist  by  a  Circular  Incision. 

sole  connexion  between  the  forearm  and  the  hand  is  the  flexor  tendons, 
which  are  divided  by  a  single  clean  downward  cut. 

The  tourniquet  is  now  removed,  and  the  radial  and  ulnar  arteries 
are  ligatured;  the  median  nerve  is  looked  for  and  a  portion  removed. 
The  wound  is  sutured  so  that  the  scar  is  transverse,  and  a  small  drainage 
tube  is  inserted  at  one  end  of  it;  this  is  removed  in  two  days'  time.  The 
arm  is  put  up  on  an  internal  angular  splint  midway  between  pronation 
and  supination,  and  the  forearm  is  carried  in  a  sling. 

Amputation  by  an  elliptical  incision.  This  operation  is  prac- 
tically a  modification  of  that  by  the  long  palmar  flap  (see  p.  235), 
and  will  be  only  rarely  used  because,  owing  to  the  variable  retractility  of 
the  skin  about  the  wrist,  it  is  rather  difficult  to  cut  the  flap  satisfactorily. 
As,  however,  the  incision  does  not  descend  so  far  on  the  anterior  surface 
as  it  does  in  the  long  palmar  flap  operation,  the  surgeon  may  be  able 
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occasionally  to  perform  disarticulation  by  its  means  when  the  long 
palmar  flap  is  inadmissible.  The  incision  is  an  ellipse  with  its  highest 
point  on  the  dorsal  aspect  of  the  limb,  half  an  inch  below  the  level  of  the 
radio-carpal  joint  and  slightly  to  the  ulnar  side  of  the  middle  line;  its 
lowest  point  is  on  the  palmar  surface  over  the  third  metacarpal  bone, 
three  inches  below  the  level  of  the  radio-carpal  joint  (see  Fig.  59). 

The  positions  of  the  patient  and  the  surgeon  are  the  same  as  in  the 
preceding  operation;  a  tourniquet  is  applied  to  the  brachial  artery.  The 
hand  is  fully  supinated  and  held  in  the  left  hand,  and  the  incision  is  com- 
menced on  the  left  side  of  the  hand  with  a  fairly  long-bladed  knife  mark- 


FiG.  59.    Disarticulation  at  the  Wrist  by  an  Ej-liptical  Incision. 

ing  out  the  anterior  or  lower  portion  of  the  ellipse.  This  crosses  the 
radial  border  of  the  hand  on  a  level  with  the  first  carpo-metacarpal  joint, 
and  the  ulnar  border  between  the  pisiform  bone  and  the  base  of  the  fifth 
metacarpal;  between  these  two  points  it  takes  a  gently  rounded  sweep 
down  to  its  lowest  limit  (znde  supra).  The  incision  goes  down  through 
the  palmar  fascia  only  in  the  centre  of  the  palm,  but  down  to  the  bones 
on  each  side.  The  hand  is  next  pronated  and  the  dorsal  incision  is 
marked  out  (see  Fig.  59),  the  assistant  pulling  the  skin  well  upwards 
before  this  is  done.  This  part  of  the  incision  is  carried  down  through 
the  tendons  until  the  posterior  ligament  of  the  wrist  is  divided  and  the 
joint  is  opened.  Then  the  hand  is  fully  flexed,  and  the  lateral  ligaments 
are  divided  from  left  to  right  as  in  the  circular  amputation  (see  p.  234), 
with  which  the  remaining  steps  of  the  operation  are  similar. 

Amputation  by  a  long  palmar  flap.  This  is  a  U-shaped  flap, 
the  incision  for  which  commences  immediately  below  the  tip  of  the 
radial  styloid  process,  and  endg  half  an  inch  below  the  tip  of  that  of  the 
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ulna.  The  flap  is  rather  more  than  three  fingers'  breadth  in  length,  and 
is  almost  square,  the  edges  being  slightly  rounded  off.  There  is  no 
dorsal  flap,  the  horns  of  the  palmar  incision  being  joined  by  a  cut  across 
the  dorsum  without  any  convexity  downwards,  so  that  it  is  actually  a 
little  concave  downwards  after  the  skin  has  retracted  (see  Fig.  60). 

The  flap  is  somewhat  difficult  to  shape  nicely,  owing  to  the  projection 
of  the  thenar  eminence,  but  it  may  help  the  surgeon  in  marking  it  out 
to  remember  that  the  outer  or  radial  border  of  the  flap,  if  prolonged 
downwards,  would  strike  the  interval  between  the  index  and  middle 
fingers  when  the  hand  is  fully  extended  and  the  fingers  are  close  together, 
while  the  ulnar  border  of  the  flap  if  similarly  prolonged  would  hit  the 


Fig.  60.  Disarticulation  at  the  Wrist  by  a  Long  Palmar  Flap.  Owing 
to  the  position  of  the  hand  from  which  the  drawing  was  tnade  the  palmar  flap 
appears  to  be  somewhat  oblique ;  it  is,  however,  really  almost  rectangular. 

interval  between  the  ring  and  the  little  fingers.  The  two  commonest 
mistakes  made  in  this  operation  are  to  make  the  flap  too  long,  and  to 
fashion  it  so  that  its  base  is  its  narrowest  part;  it  should  taper  very 
slightly  from  base  to  apex.  The  lower  extremity  of  the  flap  does  not 
reach  quite  as  far  down  as  the  superficial  palmar  arch. 

.All  the  soft  parts  down  to  the  flexor  tendons  are  raised  with  the 
flap;  they  comprise  the  muscles  in  the  thenar  and  hypo-thenar  eminences, 
the  median  nerve,  the  palmaris  longus  tendon,  and  the  termination  of 
the  ulnar  artery  and  nerve.  It  is  also  well  to  raise  the  pisiform  bone 
in  the  flap  so  as  to  avoid  the  risk  of  damage  to  the  ulnar  artery,  which 
might  occur  were  an  attempt  made  to  dissect  the  flap  from  it. 

When  the  flap  has  been  dissected  up  to  the  level  of  the  styloid 
processes,  it  is  folded  back  upon  the  flexor  surface  of  the  forearm  and 
given  in  charge  of  an  assistant,  whilst  the  surgeon,  pronating  the  hand 
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fully,  joins  the  terminations  of  the  palmar  incision  across  the  dorsum 
by  a  transverse  cut  through  skin  and  fascia  only,  which  are  allowed  to 
retract  fully.  By  a  second  sweep  of  the  knife  the  extensor  tendons  are 
divided  on  the  level  of  the  edge  of  the  retracted  skin,  and  the  knife  is 
then  applied  to  the  left-hand  side  of  the  joint  and  made  to  divide  first 
one  lateral  ligament,  then  the  dorsal  ligament  of  the  wrist,  and  finally 
the  lateral  ligament  on  the  opposite  side,   so  that  the  joint  is   fully 


Fig.  61.  The  Method  of  Disarticulation  at  the  Wrist.  The  drawing 
shows  how  the  hand  is  grasped  by  the  surgeon's  left  hand  so  that  he  is  able  to 
manipulate  it  during  the  disarticulation.  It  shows  the  knife  being  drawn  across 
from  the  surgeon's  left  to  right,  dividing  the  ligamentous  structures  from  the 
dorsal  surface. 


opened  from  the  dorsal  surface  (see  Fig.  61).  With  the  wrist  fully 
flexed,  a  few  touches  of  the  knife  will  divide  the  anterior  ligaments,  and 
nothing  remains  but  to  sever  the  hand  from  the  forearm  by  dividing  the 
mass  of  flexor  tendons.  This  is  done  by  straightening  the  wrist,  pulling 
the  hand  well  away  from  the  forearm,  passing  the  knife  into  the  wrist- 
joint,  and  cutting  firmly  downwards  with  a  few  quick  sweeps;  during 
this  procedure  the  palmar  flap  remains  folded  up  against  the  flexor  sur- 
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face  of  the  forearm,  and  must  be  carefully  protected  from  damage  by 
the  assistant. 

The  ulnar  and  the  superficialis  voIee  arteries  require  ligature,  and 
the  end  of  the  median  nerve  should  be  dissected  out  of  the  flap  and  an 
inch  of  it  removed.  The  pisiform  bone  is  also  dissected  out  without 
injuring  the  ulnar  artery.  The  limb  is  put  up  as  in  the  previous  opera- 
tions, the  dressing  being  carried  over  the  end  of  the  stump  from  the 
flexor  to  the  extensor  aspect,  so  as  to  keep  the  hinge-like  flap  in  place. 


Fig.  62.  Disarticulation  at  the  Wrist-joint  by  a  Large  External  Flap. 

Two  stout  sutures  taking  a  deep  hold  of  the  flap  will  be  required  to  take 
tension  off  the  more  superficial  stitches.  A  small  drainage  tube  should 
Ije  employed.  The  cartilage  of  the  radio-ulnar  arch  is  not  interfered 
with  unless  it  be  the  seat  of  disease,  in  which  case  it  is  removed  with  a 
gouge  or  chisel. 

Amputation  by  a  single  external  flap.  This  method  may 
sometimes  be  adopied  when  the  hand  is  crushed  obliquely  in  machinery 
accidents,  leaving  only  the  tissues  over  the  thumb  intact.  These  struc- 
tures make  a  useful  covering  for  the  slump.  The  incision  is  seen  in 
Fig.  62.  and  commences  at  the  junction  of  the  outer  with  the  middle 
third  of  the  posterior  aspect  of  the  wrist  immediately  ijelow  the  line  of 
the  joint.    It  is  carried  down,  as  shown  in  the  figure,  as  far  as  the  mid- 
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die  of  the  metacarpal  bone  of  the  thumb,  when  it  crosses  the  radial 
border  of  that  bone  and  is  carried  upwards  on  the  thenar  aspect  to  ter- 
minate at  a  point  on  the  front  of  the  wrist  opposite  to  that  at  which  it 
commenced.  There  is  no  flap  on  the  inner  side;  the  knife  is  drawn 
transversely  round  from  the  dorsal  to  the  palmar  termination  of  the  first 
incision.  In  dissecting  up  the  external  flap  all  the  muscles  of  the  thenar 
eminence  are  included,  and  disarticulation  is  effected  from  the  inner 
side.  The  method,  although  a  satisfactory  one,  is  inferior  to  the  others 
previously  described,  and  should  only  be  used  when  the  nature  of  the 
injury  renders  it  necessary. 


CHAPTER  III 
AMPUTATIONS  OF  THE  FOREARM  AND  ELBOW 
AMPUTATION  THROUGH  THE 


Whex  an  amputation  is  done  in  the  forearm  it  is  ver\'  important 
to  have  the  stump  as  long  as  possible,  so  as  to  provide  sufficient  leverage 
for  the  artificial  limb.  Even  when  only  a  small  fraction  of  the  bones 
of  the  forearm  have  Ijeen  preserved,  flexion  and  extension  of  the  elbow 
can  be  practised,  but  the  power  over  the  artificial  limb  increases  in  direct 
proportion  to  the  length  of  the  stump,  and  therefore  the  bones  should 
always  l>e  divided  as  low  down  as  possible.  Above  the  middle  of  the 
forearm  it  l^ecomes  of  increasing  importance,  the  nearer  the  elbow  is  ap- 
proached, to  save  every  fraction  of  an  inch  possible.  When  the  stump  is 
less  than  three  inches,  great  difficulty  is  experienced  in  preventing  it 
from  slipping  out  of  the  socket,  owing  particularly  to  the  action  of  the 
biceps  tendon  during  flexion  of  the  elbow,  and  with  the  short  stump 
there  is  also  naturally  a  decided  loss  in  leverage.  According  to  Little, 
it  is  impossible  to  get  a  forearm  stump  extending  at  least  an  inch  and  a 
half  below  the  insertion  of  the  tendon  of  the  biceps,  and  amputation 
above  the  condyles  of  the  humerus  is  to  be  preferred.  The  pressure  to 
which  the  stump  is  exposed  from  an  artificial  limb  falls  upon  its  anterior 
and  posterior  aspects  and  not  on  its  termination.  After  an  amputation 
the  Ixjnes  of  the  forearm  lose  the  mutual  support  derived  from  the  in- 
ferior radio-ulnar  joint;  their  lower  ends  approach  one  another  some- 
what, and  finally  occupy  a  position  nearly  midway  between  pronation 
and  supination,  the  radius  being  thrust  somewhat  forwards  and  lying 
upon  a  plane  anterior  to  that  of  the  ulna.  To  ensure  freedom  of  these 
movements  every  precaution  should  be  taken  at  the  time  of  operation  to 
guard  against  union  of  the  ends  of  the  bones  by  osseous  or 
fibrous  adhesions.  During  flexion  of  the  elbow  the  pressure  exerted  by 
any  artificial  limb  falls  upon  the  anterior  surface  of  the  limb  over  the  end 
of  the  radius,  wliilst  during  extension  it  comes  against  the  posterior  sur- 
face of  the  ulna.  From  these  considerations  it  follows  that  an  amputa- 
tion of  the  forearm  by  the  circular  method,  or  some  modification  of  it. 
is  peculiarly  suitable,  as  it  gives  a  terminal  cicatrix  and  allows  the  bones 
to  be  divided  on  a  lower  level  than  any  other  form  of  amputation. 
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Owing  to  the  tapering  shape  of  the  forearm,  the  ordinary  circular 
amputation,  as  performed  typically  in  the  upper  arm  (see  p.  259),  is  not 
suitable,  at  any  rate  below  the  middle  of  the  forearm:  in  this  situation 


? 


It  has  to  be  modified  very  considerably,  since  the  muscular  tissue  has 
largely  given  place  to  tendons,  and  special  means  have  to  he  adopted 
to  divide  these  neatly  and  upon  the  same  level. 


2  AMPUTATIONS 

In  the  upper  third  of  the  forearm  the  circular  amputation  is  not  so 


suitahle  Iwcause  so  many  of  the  muscles  of  the  forearm  arise  from  the 
upper  third  of  the  radius  or  uhia,  and  therefore  it  is  difficult  to  get  suf- 
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ficient  retraction  of  the  muscular  fibres  after  a  circular  amputation  to 
allow  the  bone  to  be  cleared  and  divided  sufficiently  high  up,  and  in  this 
situation,  therefore,  a  flap  amputation  will  be  preferable. 

The  only  methods  that  will  be  described  here  are  the  modified  cir- 
cular method  and  that  by  equal  antero-posterior  flaf)s.  Many  other 
methods  are  applicable  in  the  forearm,  but  since  it  is  of  the  highest  impor- 
tance  to  sacrifice  as  little  of  the  bones  as  possible,  only  the  two  most 
economical  methods  are  really  the  methods  of  choice,  and  such  amputa- 
tions as  those  by  long  anterior,  posterior,  or  lateral  flaps  will  only  be 


Fic.  65.  The  Cikcut.ar  Amputation  by  the  Cuff  Method.  The  knife  is 
shown  traversing  the  musculo-tendinous  structures  in  the  lower  third  of  the  fore- 
arm.  The  skin  and  subcutaneous  tissues  are  turned  back  above  as  a  regular  cuff. 

justifiable  when  the  surgeon  has  to  deal  with  a  limb  in  which  the  soft 
parts  are  destroyed  on  one  side  whilst  on  the  opposite  side  there  are  suf- 
ficient sound  tissues  to  furnish  a  single  large  flap;  here,  of  course,  it  will 
be  more  economical  to  amputate  by  a  single  large  flap  than  to  use  equal 
flaps  which  must  entail  division  of  the  bone  on  a  higher  level. 

The  circular  amputation  by  the  cuff  method.  This  is 
the  ordinary  circular  amputation  slightly  modified  to  meet  local  con- 
ditions, and  is  suited  for  amputation  at  or  below  the  middle  of  the 
forearm. 

Operation.  The  arm  is  abducted,  the  forearm  is  held  horizontal  by 
an  assistant  with  its  flexor  surface  upwards,  a  tourniquet  is  applied  to 
the  brachial  artery,  and  the  surgeon  stands  on  the  patient's  right  of  the 
limb  to  be  operated  upon  and  determines  the  point  at  which  he  is  going 
to  divide  the  bones,  at  the  same  time  estimating  the  antero-po.sterior 
diameter  of  the  forearm  at  that  level.    With  a  knife  having  a  blade  about 


244  AMPUTATIONS 

six  inches  long,  a  circular  sweep  is  made  around  the  forearm  at  a  dis- 
tance below  the  proposed  point  of  bone  section  rather  more  than  half 
this  diameter;  the  extra  length  is  given  in  order  to  allow  for  the  retrac- 
tion of  the  skin  when  cut.  The  knife  is  grasped  as  shown  in  Fig.  63. 
and  the  surgeon  passes  his  hand  and  forearm  Ijeneath  the  limb,  reaching 
round  as  far  on  to  the  flexor  surface  as  possible,  and  pulling  up  the  skin 
forcibly  with  his  left  hand  meanwhile.  The  knife  is  drawn  transversely 
round  the  limb  with  a  light  sawing  motion  until  the  circle  is  completed. 
when  the  knife  will  be  held  as  shown  in  Fig.  64.  Should  there  be  any 
difficulty  in  completing  the  circular  incision  in  one  single  sweep,  it  is 


Fig.  66.  A  Diagram  illustrating  the  Method  of  dividing  the  Pcriosteuu 
AND  Interosseus  Memtirane.  (After  Farabcuf.)  The  diagram  shows  Ihe  course 
of  the  point  of  tlie  knife  as  it  is  drawn  across  the  bones  for  the  purpose  of  dividing 
the  remaining  fibres  of  muscles,  periosteum,  and  interosseous  membrane  (i.M.) 
previous  to  sawing  the  bones.  Its  path  crosses  the  anterior  aspect  of  the 
limb  as  denoted  liy  the  dotted  line  a  ;  across  the  posterior  aspect  it  is  shown  by 
the  heavy  black  one  b.  The  arrow  indicates  the  direction  in  which  the  knife  is 
drawn. 

finished  by  drawing  the  knife  in  the  reverse  direction,  from  the  end  of 
the  first  incision  to  its  beginning. 

The  incision  sliould  only  go  down  through  the  deep  fascia,  and  after 
it  has  been  marked  out  it  is  gone  over  again  carefully  with  the  knife,  so 
as  to  deepen  it  equally  all  round.  The  upper  edge  of  the  incision  is  now 
pinched  up  between  the  left  thumb  and  forefinger,  and  the  flap  is  raised 
from  the  muscles  by  a  few  touches  of  "the  knife  held  strictly  at  right 
angles  to  the  surface  and  dividing  the  bands  of  cellular  tissue  connecting 
the  skin  with  the  dee!>er  structures.  The  assistant  pronates  and 
supinates  the  forearm  as  the  surgeon  requires,  and  the  skin  is  turned 
back  in  a  regular  cuff  upon  the  forearm  (see  Fig.  65).  This  skin-cuff  is 
raised  until  its  lower  margin  is  about  an  inch  from  the  level  of  the  pro- 
posed l>one  section,  when  the  forearm  is  fully  supinated,  and  the  surgeon 
proceeds  to  <livide  the  muscles  and  tendons. 
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A  narrow-bladed  knife,  half  as  long  again  as  the  transverse  diameter 
of  the  limb,  is  insinuated  flatwise  between  the  bones  of  the  forearm  and 
the  soft  structures  in  front  of  them  until  its  point  emerges  from  the 
opposite  side.  In  introducing  the  Isnife  its  edge  is  downwards  towards 
ihe  extremity  of  the  limb,  and  care  is  taken  to  keep  its  point  as  closely 
in  contact  with  the  anterior  surface  of  the  bones  as  possible,  so  as  to 


Fic.  67.  Section  across  the  Mibdi-e  Third  op  the 
Forearm  (Cunningham's  Anatomy),  a,  Pronator  radii 
teres  (insertion)  ;  b,  Flexor  carpi  radialis;  c.  Flexor  sub- 
limis  digitorum;  d,  Palmaris  longus;  e,  Flexor  carpi 
ulnaris;  f,  Flexor  profundus  digitorum;  g,  Extensor  carpi 
ulnaris;  h,  Extensor  longus  pollicis;  I,  Extensor  communis 
digitorum  and  Extensor  minimi  digiti;  j,  Extensor  ossis 
metacarpi  pollicis;  k,  Extensor  carpi  radialis  brevior; 
L.  Extensor  carpi  radialis  longior;  m,  Brachio-radialis; 
a.  Radius;  b,  Interosseous  membrane;  c.  Ulna;  1,  RadiaJ 
nerve;  2,  Radial  artery;  3,  Anterior  interosseous  artery; 
4,  Anterior  interosseous  nerve  (underneath  flexor  longus 
pollicis);  s,  Median  nerve;  6,  Ulnar  artery;  7,  Ulnar 
nerve;  8,  Posterior  interosseous  artery;  g.  Posterior  inter- 


get  it  well  beneath  all  the  muscles  and  soft  parts;  it  should  pass  close 
across  the  face  of  the  interosseous  membrane  as  it  is  carried  across  from 
one  lx)ne  to  the  other.  When  the  limb  has  thus  been  transfixed,  the 
edge  of  the  knife  is  turned  upwards  and,  with  a  steady  sawing  cut,  all 
the  structures  in  front  of  it  are  cleanly  divided  on  the  same  level.  The 
knife  is  now  introduced  between  the  bones  and  the  muscles  on  the 
posterior  surface,  the  assistant  maintaining  the   forearm   in   the  same 
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position  meanwhile,  and  all  the  structures  on  the  posterior  surface 
are  divided  in  a  similar  manner  by  turning  the  edge  of  the  knife 
downwards  towards  the  floor.  The  interosseous  membrane,  the  peri- 
osteum, and  possibly  a  few  remaining  muscular  fibres  are  then  divided 
(see  Fig.  66),  and  the  soft  structures  are  pushed  up  with  a  nigine 
for  about  an  inch.  These  should  be  retracted  well  above  the  point  at 
which  the  bones  are  to  be  sawn,  so  as  to  allow  this  to  be  done  easily. 
A  three-tailed  linen  retractor  (see  p.  204)  is  employed  to  keep  the 
soft  tissues  out  of  the  way  of  the  saw ;  the  middle  limb  of  the  bandage 
is  passed  through  the  interosseous  space  and  the  lateral  limbs  are 
applied  outside  the  bones.  The  saw  is  applied  first  to  the  ulna, 
which  is  the  more  fixed  bone;  when  it  has  cut  a  groove  in  that  bone  it 
is  made  to  saw  the  radius,  the  division  of  which  is  completed  before  that 
of  the  ulna. 

The  radial,  ulnar,  and  interosseous  arteries  will  require  ligaturing 
(see  Fig.  67);  any  tendons  that  are  unduly  long  should  be  seized  with 
forceps  and  cut  short  with  scissors.  It  is  always  well  to  dissect  out  and 
remove  a  short  portion  of  the  median  nerve;  the  ulnar  nerve  may  be 
treated  similarly  if  it  is  seen.  The  skin-cuff  is  now  drawn  down  and  its 
anterior  and  posterior  surfaces  are  approximated  so  as  to  give  a  trans- 
verse scar.  Two  deep  sutures  of  stout  silkworm-gut  will  keep  them  in 
apposition,  and  their  edges  should  be  united  by  a  continuous  silk  or  silk- 
worm-gut suture.  A  small  drainage  tube  is  inserted  at  the  ulnar  end  of 
the  incision,  and  moderate  compression  in  the  antero-posterior  direction 
should  be  applied  to  the  flaps  by  means  of  the  dressings  in  order  to  keep 
them  firmly  in  apposition.  The  limb  is  put  upon  an  internal  rectangular 
splint  in  a  position  midway  between  pronation  and  supination;  the  fore- 
arm is  carried  in  a  large  sling. 

Amputation  by  equal  antero-posterior  flaps.  This  method  is 
most  suitable  above  the  middle  of  the  forearm.  The  preliminaries  are 
the  same  as  before.  The  antero-posterior  diameter  of  the  limb  at  the 
proposed  point  of  bone  section  is  estimated,  and  the  length  of  each  flap 
should  be  about  an  inch  longer  than  half  this  measurement,  so  as  to 
allow  for  the  retraction  of  the  skin. 

Operation.  The  incision  is  U-shaped,  not  semilunar,  and  the  ter- 
minations of  the  incision  will  lie  over  the  external  border  of  the  radius 
on  the  one  side  and  in  front  of  the  ulna  on  the  other.  The  incision 
commences  a  little  below  the  proposed  point  of  bone  section,  as  a 
vertical  cut  to  form  one  of  the  limbs  of  the  U,  at  the  lower  end  of 
which  the  knife  is  drawn  transversely  across  the  front  of  the  limb, 
slightly  rounding  the  corners,  and  finally  up  the  opposite  side  of  the 
limb  to  a  point  opposite  that   from  which  it  started    (see  Fig.  68). 
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While  the  anterior  incision  is  being  traced  out,  the  forearm  is  held 
horizontal  and  fully  supinated,  and  the  incision  is  deepened  all  round 
through  the  fascia  so  as  to  allow  the  skin  to  retract  properly  before  the 
posterior  flap  is  cut;  to  do  this  the  elbow  is  flexed  and  the  forearm  held 


Fig.  68.  Amputation  thboogh  the  Forearm  by  Equal  Amtero-postekioii 
Flaps.  The  level  of  bone  section  is  nearly  an  inch  above  the  angle  of  junction 
of  the  anterior  with  the  posterior  flap. 

vertical  by  an  assistant.  The  shape  of  the  flap  is  similar  to  that  of  its 
fellow. 

The  operation  may  be  finished  by  transfixing  the  muscles,  or  by  dis- 
secting up  the  skin  flaps  for  about  two  inches,  and  then  performing  a 
circular  division  of  the  muscles  down  to  the  bone.  The  former  method 
is  preferable  when  the  amputation  is  done  in  the  upper  third  of  the 
forearm,  as  the  muscles  are  thereby  enabled  to  retract  sufficiently;  when, 
however,  the  amputation  is  below  this  point,  a  circular  division  of 
muscles  answers  equally  well,  as  the  muscles  then  retract  sufficiently  to 
enable  the  bones  to  be  sawn  at  the  desired  spot. 

Jn  order  to  transfix  the  muscles  the  knife  is  thrust  between  them 
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and  the  anterior  aspect  of  the  tone  at  the  upper  extremity  of  the  inci- 
sion, while  the  limb  is  held  horizontal  and  fully  supinated  by  an 
assistant.  The  knife,  with  its  edge  downwards,  is  held  nearly  horizontal 
as  it  passes  across  the  first  bone;  as  it  nears  the  interosseous  membrane 
the  handle  is  raised  so  that  the  point  shall  engage  in  this  structure  and 
divide  it  if  possible.  As  the  second  bone  is  approached  the  handle  is 
depressed,  and  the  point  coasts  along  the  anterior  surface  of  the  bone 
between  it  and  the  muscles,  when  finally  the  handle  is  raised  again  and 
the  point  emerges  from  the  opposite  side.  The  muscles  are  now  cut 
through  somewhat  obliquely  downwards  so  as  to  form  a  muscular  flap. 
The  skin  flap  is  pulled  well  up  with  the  left  hand  as  the  knife  cuts 
downwards  and  forwards,  and  an  assistant  puts  the  muscles  on  the 
stretch  by  extending  the  wrist;  the  result  is  that  the  muscles  are  cut  a 
good  deal  shorter  than  the  skin  and  retract  well  out  of  the  way,  at  the 
same  time  leaving  sufficient  covering  for  the  ends  of  the  bones.  A 
similar  procedure  is  carried  out  on  the  posterior  surface  of  the  limb, 
but  is  more  difficult  owing  to  the  depth  of  the  interosseous  space.  There 
still  remain  muscular  fibres  and  portions  of  the  interosseous  membrane 
that  have  escaped  division,  and  the  complete  clearance  of  the  bones  at 
the  proposed  line  of  section  may  be  done  on  each  side  by  a  single  sweep 
of  the  knife,  as  shown  in  Fig.  66.  The  soft  parts  are  retracted,  a 
three-tailed  bandage  retractor  is  applied,  and  the  bones  are  sawn  as  in 
the  previous  operation.  The  subsequent  steps  are  the  same  as  in  the 
previous  operation. 

IV hen  a  circular  dhnsion  of  muscle  is  practised,  the  skin  flaps  are 
raised  to  within  an  inch  of  the  proposed  level  of  bone  section,  when  the 
muscles  are  divided  by  a  series  of  circular  sweeps  down  to  the  bone. 
This  is  the  best  method  of  amputating  in  the  middle  of  the  forearm,  as 
the  muscles  are  divided  above  the  origin  of  the  tendons,  the  presence  of 
which  interferes  with  the  clean  division  of  the  soft  parts  on  one  level; 
below  this  point  the  transfixion  method  already  described  for  amputa- 
tion in  the  lower  third  (see  p.  244)  should  be  adopted  instead. 

When  the  bones  are  divided  above  the  insertion  of  the  pronator 
(radii)  teres  in  these  operations,  the  action  of  the  supinator  (brevis) 
and  the  biceps  is  unbalanced,  and  therefore  the  upper  end  of  the  radius 
remains  in  a  position  of  full  supination.  The  after-treatment  of  the 
operation  is  similar  to  that  for  the  previous  case. 

DISARTICULATION  AT  THE  ELBOW-JOINT 

This  amputation  is  not  practised  as  often  as  its  merits  deserve. 
Formerly  it  was  rejected  in  favour  of  amputation  through  the  upper 
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arm,  largely  because  of  the  fear  of  exfoliation  of  the  cartilage,  due  to 
sepsis,  which  so  often  followed  disarticulations,  and  which  rendered  the 
patient's  convalescence  long  and  dangerous.  Nowadays,  however,  this 
risk  need  not  be  considered,  and  the  superiqrity  of  the  stump  resulting 
from  disarticulation  over  that  following  amputation  through  the  upper 
arm  is  too  great  to  admit  of  dispute.  It  is  easy  to  cover  the  condyles  of 
the  humerus  by  suitable  flaps,  and  the  breadth  thus  given  to  the  stump 
enables  the  artificial  limb  to  be  manipulated  with  much  greater  power 
and  facility  than  it  could  be  were  it  fitted  to  the  round-ended  stump 
resulting  from  amputation  through  the  shaft  of  the  bone. 

Indications.  Disarticulation  should  be  performed,  therefore,  when- 
ever it  is  feasible,  in  preference  to  amputation  through  the  upper  arm. 
It  is  a  useful  procedure  for  sarcoma  of  one  of  the  bones  of  the  forearm 
necessitating  complete  removal  of  the  bone  affected,  and  it  may  be  pos- 
sible to  make  use  of  it  in  cases  of  injury,  when  the  radius  and  ulna  are 
crushed  so  high  up  as  to  render  it  impossible  to  save  any  portion  of  them 
with  safety  to  the  patient.  It  is  not,  however,  a  suitable  operation  for 
tuberculous  disease  of  the  elbow-joint. 

Disarticulation  by  the  circular  method.  The  operation  has 
been  done  by  a  number  of  methods  of  which  the  circular  or  the 
elliptical  are  the  most  economical,  as  far  as  the  soft  parts  are  concerned; 
besides  these  methods,  a  single  anterior  or  external  flap,  unequal  flaps, 
or  a  modification  of  the  racket  incision  have  been  used.  The  point  of 
practical  importance  in  doing  the  operation  is  that  the  condyles  are  some- 
what difficult  to  cover,  and  it  is  well,  therefore,  to  commence  the  incision 
some  distance  below  the  joint  level,  whatever  flaps  are  to  be  employed ; 
two  fingers'  breadth  on  the  inner  side  and  three  on  the  outer  will  ensure 
plenty  of  covering.  The  skin  over  the  region  of  the  outer  condyle 
retracts  much  more  freely  than  that  over  the  inner,  and  hence  the  dif- 
ference in  the  measurements  on  the  two  sides. 

The  circular  amputation  is  most  useful  for  cases  in  which  the  tissues 
are  damaged  so  high  up  that  it  is  impossible  to  save  any  portion  of  the 
radius  or  ulna;  it  requires  the  least  amount  of  sound  soft  parts  of  any 
operation  in  this  region.  It  gives  an  excellent  stump,  the  scar  being 
transverse  arid  drawn  forwards  upon  the  anterior  surface  of  the 
humerus  so  that  it  is  not  exposed  to  pressure  from  the  artificial  limb. 
When  only  a  single  flap,  usually  cut  either  from  the  external  or  the 
anterior  surface,  is  employed,  its  lower  limit  must  reach  almost  as  low 
as  the  middle  of  the  forearm;  such  an  amputation,  therefore,  would  only 
be  employed  very  rarely  in  cases  of  injury,  and  will  be  used  chiefly  for 
cases  of  disease  such  as  sarcoma  of  bones  of  the  forearm,  in  w^hich  the 
surgeon  has  not  to  consider  the  amount  of  the  soft  parts  at  his  disposal. 
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Operation.  The  upper  extremity  is  held  horizuntal  and  at  right 
angles  to  the  trunk  by  an  assistant,  a  tourniquet  is  appHed  above  the 
middle  of  the  upper  arm,  and  the  surgeon  stands  on  the  patient's  right 
of  the  h'lnb  to  be  operated  upon.  He  first  ascertains  the  level  of  the 
elbow-joint,  the  best  guide  to  this  being  the  head  of  the  radius;  the  line 
of  the  joint  is  situated  about  a  finger's  breadth  below  the  crease  on  the 


Fig.  69,  Disarticulation  at  the  Elbow-joint  by  a  Circular  Incision, 
It  will  he  noticed  that  the  incision  is  not  directly  transverse,  but  inclined  some- 
what lower  down  on  the  outer  side  than  on  the  inner;  this  is  to  counterbalance 

the  greater  retractility  of  the  soft  parts  in  that  shuation. 

front  of  the  elbow,  A  circular  sweep  is  made  around  the  limb,  not 
exactly  at  right  angles  to  the  long  axis  of  the  forearm,  but  inclined  so 
that  it  reaches  a  lower  level  on  the  flexor  surface  than  on  the  extensor, 
and  also  lower  on  the  radial  than  on  the  ulnar  side  (see  Fig.  69).  The 
incision  will  l>e  about  four  fingers'  breadth  below  the  joint  line  in  front 
and  two  l^ehind,  whilst  on  the  outer  side  it  will  be  three  fingers'  breadth 
below  the  condyle,  and  two  on  the  inner  side;  this  obliquity  is  to  allow 
for  differences  in  retraction  of  the  skin.    The  incision  goes  through  the 
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deep  fascia,  which,  with  the  skin,  is  raised  to  the  level  of  the  joint  litie 
by  a  few  touches  of  the  knife.  The  muscles  arising  from  the  inner 
condyle  are  divided  as  obliquely  as  possible,  the  soft  parts  are  pushed  up 
in  front,  the  tendons  of  the  biceps  and  the  brachialis  anticus  are  cut, 
and  the  anterior  ligament  of  the  elbow-joint  is  divided.  The  assistant 
now  extends  the  elbow  fully,  and  the  surgeon  opens  the  radio-humeral 


Fig.  70.    Transverse  Section  through  the  Bend  of  the  Elbow 

(Cunningham's  Analotiiy). 

joint  with  a  few  touches  of  the  point  of  his  knife.  The  external  lateral 
ligament  and  the  muscles  behind  it  are  divided,  and  the  knife  is  carried 
right  up  to  the  olecranon.  By  extending  the  elbow  forcibly  the  coronoid 
process  is  made  prominent,  and  the  point  of  the  knife  can  \x  swept 
around  it  and  so  through  the  internal  lateral  ligament  and  the  ulnar 
nerve  liehind  it.  This  leaves  nothing  to  divide  but  the  tendon  of  the 
triceps,  which  is  brought  into  view  by  pulling  the  forearm  forcibly  down- 
wards and  hyper-extending  the  elbow-joint,  when  it  can  be  divided  at 
its  insertion  into  the  olecranon  and  the  disarticulation  is  complete. 

It  now  only  remains  to  tie  the  brachial  artery  and  the  various 
articular  branches  and  to  identify  and  remove  portions  of  the  median, 
ulnar,  and  musculo-spiral  nerves.     Fig.  70  shows  the  position  of  these 


252  AMPUTATIONS 

structures.  The  flaps  are  sewn  up  so  that  the  scar  is  transverse,  and  the 
retraction  of  the  skin  on  the  anterior  surface  brings  this  over  the  front 
of  the  condyles.  A  drainage  tube  is  inserted  at  the  inner  angle  of  the 
wound  and  removed  in  two  or  three  days.  The  arm  is  surrounded  with 
a  piece  of  Gooch's  splinting  and  bound  to  the  side. 

Disarticulation  by  an  elliptical  incision.    This  is  really  equiva- 
lent to  an  amputation  by  a  single  long  anterior  flap,  and  it  can  only  be 


rid.  71.  Disarticulation  at  the  Eluow-joint  nv  an  Elliptical 'Incision. 
The  lowest  point  of  the  ellipse  in  front  is  slightly  to  llie  radial  side  of  the  middle 
line. 

employed  advantageously  when  the  tissues  on  the  front  of  the  forearm 
are  undamaged,  whilst  those  on  the  back  are  lacerated  almost  up  to  the 
elbow-joint.  This  condition  of  the  soft  parts,  however,  is  occasionally 
met  with  in  machinery  accidents,  and  it  is  advisable,  therefore,  to 
describe  the  method  which  gives  a  useful  and  sightly  stump,  and  al  the 
same  time  is  fairly  easy  to  perform. 

The  elliptical  incision,  marking  out  an  anterior  flap,  has  its  highest 
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limit  behind,  over  the  point  of  the  olecranon,  and  its  lowest  in  front, 
almost  on  a  level  with  the  centre  of  the  forearm  (see  Fig.  71). 

Operation.  A  tourniquet  is  applied  to  the  upper  arm,  which  is 
drawn  away  from  the  side,  and  the  forearm  is  held  by  the  surgeon,  who 
stands  facing  the  elbow\  The  wrist  is  seized  with  the  left  hand  so  that 
the  fingers  grasp  the  flexor  surface  and  the  thumb  is  on  the  posterior 


Fig.  72.  Commencing  the  Elliptical  Incision  for  Disarticulation  at 
THE  Elbow-joint.  This  shows  the  position  of  the  patient's  limb  when  com- 
mencing the  incision.  The  limb  is  manipulated  by  the  surgeon's  left  hand.  If 
desired,  the  left  little  finger  can  be  placed  upon  the  lowest  point  of  the  ellipse  on 
the  front  of  the  limb. 


or  extensor  surface.  At  the  same  time  the  elbow  is  flexed  at  an  acute 
angle,  and  the  arm  is  rotated  so  that  the  hand  is  turned  over  towards 
the  surgeon's  right  and  the  tip  of  the  olecranon  is  rendered  accessible 
(see  Fig.  yi).  At  this  spot  the  point  of  the  amputatin.o:  knife,  which 
should  be  about  four  inches  long,  is  sunk  through  the  skin,  and  an  inci- 
sion is  made  across  the  left-hand  lateral  aspect  of  the  limb  from  behind 
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forwards,  the  arm  is  supinaled  and  extended  so  that  the  limb  lies  with 
its  palmar  surface  uppermost  when  the  knife  is  at  the  lowest  point  of 
the  ellipse,  which  is  rather  to  the  radial  side  of  the  middle  of  the  fore- 
arm. The  knife  changes  its  direction  on  reaching  this  point  and  is  car- 
ried sharply  upwards,  whilst  the  elbow  is  again  flexed  and  the  forearm 
pronated  and  carried  over  to  the  surgeon's  left,  so  as  to  expose  the 


FiC.  73.      MeTHOU  of  TERMlNATINt;  THE  ELLIPTICAL  iNCIStON    FOR  DlSABTlCl- 

LATioN  AT  T[iE  Eldow-joint.    This  shows  how  the  limb  is  rotated  across  from 
the  surgeon's  right  to  his  left  hj*  means  of  his  left  hand. 

right-hand  lateral  surface  of  the  forearm,  and  allow  the  knife  to  lie 
carried  up  to  the  point  from  which  it  started  (see  Fig.  73). 

The  incision  is  now  deepened  through  the  fascia  all  round  so  that 
the  skin  may  retract,  and  the  soft  parts  on  the  front  of  the  limb  are 
divided  by  transfixion  in  the  manner  already  described  (see  p.  250). 
The  skin  should  be  retracted  sufficiently  to  allow  the  knife  to  be  passed 
across  from  one  side  of  the  joint  to  the  other,  and  the  muscles  should 
be  cut  as  short  as  possible.  The  wrist  and  fingers  are  hyper -ex  tended 
while  this  is  being  done,  in  order  to  put  the  muscles  fully  on  the  stretch. 
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The  anterior  flap  is  now  retracted  and  the  front  of  the  elbow-joint 
is  exposed.  It  is  easy  to  open  the  joint  by  a  few  touches  with  the  point 
of  the  knife,  to  divide  the  lateral  ligaments,  and  finally  to  complete- the 
disarticulation  just  as  in  the  circular  amputation  (see  p.  250).  All  the 
subsequent  steps  are  also  similar  to  those  of  that  amputation.  The  long 
anterior  flap  is  brought  round  the  end  of  the  stump  and  the  cicatrix  falls 
over  the  posterior  surface  of  the  humeral  condyles. 


Fig.   74.      DlSAKTlCULATlON    AT  THE   ElBOW-JOINT   BY  A   LaRGE   EXTERNAL   FlAP, 

Among  the  other  amputations  that  may  be  employed  the  most  impor- 
tant is  perhaps  that  done  by  a  single  external  flap.  The  steps  of  the 
operation  are  very  similar  to  those  already  described  for  the  circular  and 
elliptical  amputations,  and  Fig.  74  shows  the  incision  employed.  This 
■  amputation  can  only  be  called  for  very  rarely,  as  it  must  be  a  rare 
accident  that  only  leaves  undamaged  the  particular  area  of  soft  parts 
required  for  the  formation  of  this  flap.  The  various  other  amputations 
that  have  been  introduced  offer  no  advantages  over  those  already 
described  and  are  not  likely  to  be  feasible  when  these  are  impossible;  they 
will  therefore  not  be  described. 


CHAPTER  IV 

AMPUTATIONS  THROUGH  THE  UPPER  ARM  AND 

SHOULDER 

AMPUTATIONS  THROUGH  THE  UPPER  ARM 

When  amputating  through  the  upper  arm,  the  surgeon  should 
remember  the  increased  leverage  and  power  imparted  to  the  artificial 
!imb  by  a  long  stump,  and  should  therefore  divide  the  bone  as  low  down 
as  the  circumstances  of  the  case  will  allow.  The  circular  amputation, 
which  enables  the  bone  to  be  divided  at  the  lowest  possible  point,  is  the 
amputation  of  choice,  since  the  shape  of  the  limb  enables  it  to  be  done 
easily;  indeed,  the  middle  of  the  upper  arm  is  the  spot  for  which  it  is 
typically  suited.  There  is  no  objection  to  the  cicatrix  being  terminal,  as 
no  direct  pressure  is  borne  on  the  end  of  the  stump;  on  the  whole  it  is 
advisable  to  have  the  scar  in  this  situation,  as  any  pressure  to  which  the 
stump  is  exposed  falls  upon  its  anterior  and  posterior  margins,  and  not 
directly  upon  its  end.  Below  the  middle  of  the  arm  the  soft  parts  retract 
nearly  equally  on  the  two  surfaces  of  the  limb,  the  retraction  being 
slightly  greater  on  the  anterior  surface  owing  to  the  pull  of  the  biceps, 
but  this  is  of  little  importance.  Above  the  middle  of  the  arm,  however, 
the  retraction  of  the  soft  parts  is  unequal  on  the  two  sides,  and  it  is 
therefore  easier  to  amputate  by  means  of  flaps  or  by  some  modification 
of  the  racket  method. 

A  point  of  considerable  practical  importance  is  the  ease  with  which 
large  nerves  may  be  caught  in  the  scar  and  give  rise  to  a  painful  stump; 
therefore,  their  ends  must  always  be  dissected  out  in  the  later  stages 
of  the  operation  and  a  portion  removed. 

In  amputations  through  the  arm  below  its  centre  the  brachial  artery 
may  be  compressed  by  a  tourniquet  placed  around  the  upper  part  of  the 
limb,  but  when  the  amputation  is  done  above  the  mid-point  there  is  no 
room  for  a  tourniquet  which  will  control  the  circulation  and  at  the  same 
time  allow^  of  sufficient  retraction  of  the  soft  parts.  It  is  possible  to  use 
an  Esmarch  bandage  even  as  high  up  as  the  middle  of  the  axilla  if 
Wyeth's  pins  (see  p.  195)  or  some  similar  means  are  used  to  prevent  it 
from  slipping.  If  the  pins  are  used,  they  should  be  thrust  through  the 
deltoid  above  and  the  posterior  fold  of  the  axilla  below.  Unless  they 
are  used,  however,  the  artery  must  either  be  controlled  by  compression 
above  the  clavicle,  or  it  must  be  isolated  and  tied  before  it  is  divided. 

256 
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The  latter  course  will  probably  be  preferred  by  the  majority  of  surgeons, 
as  compression  of  the  artery  above  the  clavicle  is  always  uncertain  and 
demands  a  most  trustworthy  assistant.    In  all  amputations  in  the  upper 


ann  the  limb  is  held  horizontal  and  at  right  angles  to  the  trunk.  The 
surgeon  stands  on  the  patient's  right  of  the  limb  to  be  operated  upon 
and  pulls  up  the  skin  and  manages  the  flaps  with  his  left  hand. 
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Three  amputations  will  be  described:  (i)  The  circular  amputation, 


V 


/" 


which  is  most  suitable  for  the  lower  half  of  the  arm;  (ii)  The  amputa- 
tion by  antero-posterior  flaps,  which  is  Ijest  adapted  for  amputations 
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just  above  the  middle;  and  (iii)  Amputation  by  a  large  external  or 
deltoid  flap,  which  is  most  suited  for  an  amputation  in  which  the  bone 
is  divided  high  up  in  the  region  of  the  surgical  neck. 

Circular  amputation.  The  surgeon  settles  the  point  at  which  he 
is  going  to  divide  the  bone,  and  then  makes  a  circular  incision  through 
the  skin  at  a  distance  below  this  point  equal  to  nearly  two-thirds  of  the 
antero-posterior  diameter  of  the  limb  at  the  point  of  bone  section. 
Before  making  his  incision  he  grasps  the  limb  with  his  left  hand  above 
the  point  at  which  he  is  going  to  divide  the  skin  and  pulls  the  latter 
forcibly  upwards.  The  hand,  holding  the  knife  as  shown  in  Fig.  75,  is 
passed  beneath  the  arm  and  commences  the  incision  on  the  side  of  the 
limb  opposite  the  operator  and  as  far  round  it  as  possible.  The  knife  is 
drawn  round  transversely  to  the  long  axis  of  the  limb  with  a  gentle 
sawing  movement  from  heel  to  point,  dividing  the  skin  and  deep  fascia 
only  (see  Fig.  76);  the  entire  circular  incision  may  be  completed  in  one 
sweep,  but,  if  preferred,  the  direction  of  the  knife  is  reversed  after  it  has 
traced  out  about  two-thirds  of  the  incision,  and  is  made  to  cut  from  the 
termination  to  the  commencement  of  the  first  incision.  The  knife  should 
pass  very  Hghtly  over  the  inner  aspect  of  the  arm  so  as  to  avoid  wound- 
ing the  brachial  artery,  which  lies  immediately  beneath  the  deep  fascia. 

When  the  circular  incision  has  been  deepened  equally  throughout 
down  to  the  deep  fascia,  the  skin  is  pulled  up  as  firmly  as  possible  by 
the  left  hand  and  the  knife  is  drawn  round  the  limb  again  on  a  level  with 
the  lower  edge  of  the  retracted  skin,  so  as  to  divide  the  bands  of 
cellular  tissue  uniting  the  skin  to  the  deep  fascia  and  to  allow  the  former 
to  be  still  further  retracted  by  the  grasp  of  the  surgeon's  left  hand.  This 
procedure  is  repeated  two  or  three  times  until  the  skin  has  retracted  for 
a  good  two  fingers'  breadth  all  round ;  the  anatomical  conformation  of 
the  parts  allows  this  to  be  done  without  the  necessity  of  turning  up  a 
cuff.    Care  is  needed  each  time  to  avoid  wounding  the  brachial  artery. 

The  muscles,  and  with  them  the  brachial  artery  (which  is  of  course 
controlled  by  the  tourniquet  previously  applied  high  up  the  arm),  are 
now  divided.  This  is  usually  effected  by  three  circular  sweeps  of  the 
knife  round  the  limb  as  for  division  of  the  skin,  each  sweep  going  com- 
pletely round  and  dividing  about  one-third  of  the  thickness  of  the 
muscles.  Each  successive  sweep  is  made  on  a  level  with  the  retracted 
edge  of  the  muscles  cut  by  the  preceding  one.  Between  each  circular 
sweep  the  muscles  are  retracted  either  by  an  assistant  or  by  the  surgeon's 
left  hand;  the  last  incision  goes  down  to  the  bone  and  divides  the  peri- 
osteum about  an  inch  and  a  half  below  the  point  at  which  it  is  proposed  to 
saw  the  bone.  In  this  way  a  conical  cavity  is  formed  in  the  stump,  at  the 
apex  of  which  lies  the  bone  (see  Fig.  tj^.    The  periosteum  and  the  mus- 


26o  AMPUTATIONS 

cles  are  pushed  up  with  a  rugine  for  an  inch  and  a  half,  when  the  point  is 
reached  at  which  the  bone  is  to  be  divided.  The  soft  parts  are  retracted 
by  means  of  a  double-tailed  retractor  (see  p.  203),  and  the  saw  is  applied 
in  the  usual  manner,  the  limb  being  held  quite  horizontal  meanwhile. 

The  brachial  artery  and  any  of  its  branches  that  are  visible  on  the 
face  of  the  stump  are  ligatured  before  the  tourniquet  is  taken  off,  and 
the  median,  ulnar,  and  musculo-spiral  nerves  are  identified,  and  an  inch 
or  so  of  each  is  removed.  The  stump  is  sutured  by  approximating  the 
edges  antero-posteriorly  so  as  to  make  the  scar  transverse;  a  drainage 
tube  is  inserted  at  its  outer  angle  and  is  removed  in  two  or  three  days. 


Fig.  77.  Appearance  of  the  Limb  after  a  Circular  Amputatiok.  The 
figure  shows  the  conicity  of  the  stump,  the  skin  projecting  beyond  the  muscles 
and  the  cut  edge  of  the  bone  forming  the  apex  of  the  cone. 

The  limb  is  put  up  on  a  moulded  splint  of  gutta-percha  or  Gooch's 
splinting,  and  fastened  to  the  side. 

Amputation  by  antero-posterior  flaps.  The  flaps  should  be 
almost  equal  in  length,  the  anterior  being  a  trifle  longer  than  the  pos- 
terior, so  as  to  allow  for  the  greater  retraction  of  the  soft  parts  over 
the  region  of  the  biceps.  The  surgeon's  position  is  the  same  as  before, 
and,  after  determining  the  point  at  which  he  desires  to  divide  the  bone, 
he  marks  out  a  U-shaped  flap  half  the  length  of  the  antero-posterior 
diameter  of  the  limb  at  the  point  of  bone  section,  beginning  nearly  an 
inch  below  that  point  (see  Fig.  78)  ;  the  anterior  flap  is  cut  first.  It  is 
of  great  importance  that  only  the  skin  and  fascia  should  be  divided  in 
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this  first  incision,  and  the  brachial  artery  preserved  from  injury,  unless 
a  tourniquet  has  been  placed  around  the  arm;  when  the  amputation  is 
above- the  middle  of  the  limb,  it  is  probable  that  no  tourniquet  will  be 
used  (see  p.  256).  The  incision  is  deepened  through  the  fascia  so  that 
the  skin  can  retract  equally  all  round,  and  a  posterior  flap  almost  as  long 


Fic.  78.  Amputation  thkough  the  Abm  by  Equal  Antero-posterior  Flaps. 
The  dotted  line  marks  the  point  of  bone  section,  which  is  nearly  an  inch  above 
the  angle  of  junction  of  the  flaps. 

as  the  anterior  is  marked  out  by  passing  the  arm  beneath  the  limb  and 
drawing  the  knife  transversely  across  the  back  of  the  limb,  with  a  slight 
rounding-oflf  of  the  edges  on  each  side;  it  is  not  necessary  to  raise  the 
limb  in  doing  this. 

The  next  point  is  to  secure  the  brachial  artery,  if  the  amputation  is 
being  done  without  a  tourniquet.     The  deep  fascia  is  incised  freely  over 
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the  inner  edge  of  the  biceps,  and  the  artery,  the  pulsations  of  which  are 
easily  felt,  is  secured  in  Spencer  Wells's  forceps,  after  which  it  may  be 
divided;  the  venae  comites  are  treated  similarly.  The  muscles  are  now 
divided  either  by  a  circular  sweep  or  perhaps  better  by  transfixion, 
taking  care  to  cut  them  as  short  as  possible,  so  as  not  to  leave  too  large 
a  mass  in  the  stump.  The  method  of  performing  transfixion  has 
already  been  described  (see  p.  247). 

The  periosteum  and  any  remaining  soft  parts  are  divided  by  a 
circular  sweep  down  to  the  bone,  and  are  pushed  back  with  a  rugine 
until  the  level  of  the  bone  section  is  reached,  when  the  saw  is  applied 
and  the  bone  divided.  The  arteries  are  secured,  and  portions  of  the 
musculo-spiral  (radial),  median,  and  ulnar  nerves  are  resected;  a 
drainage  tube  is  inserted  in  the  outer  angle  of  the  wound,  the  limb  being 
put  up  as  in  the  preceding  operation. 

There  are  several  other  methods  for  amputating  in  the  arm,  and 
some  of  them  may  be  useful  occasionally  according  to  the  necessities  of 
the  particular  case;  for  instance,  amputations  by  equal  lateral  flaps,  by 
a  single  long  anterior  flap,  and  others;  but  they  do  not  require  detailed 
description  here. 

Amputation  by  a  large  external  flap.  Amputation  is  not 
very  often  done  in  the  upper  third  of  the  arm,  as  the  surgeon  usually 
has  no  alternative  but  to  disarticulate  at  the  shoulder-joint.  Owing  to 
the  insertion  of  the  muscles  into  the  upper  end  of  the  humerus,  a  mobile 
stump  is  left  even  after  the  humerus  has  been  sawn  below  the  surgical 
neck,  and  this  is  of  importance  to  the  patient,  as  it  renders  his  artificial 
limb  much  more  useful.  Since  a  terminal  and  even  an  adherent  scar  is 
not  particularly  objectionable  in  the  upper  extremity,  owing  to  the  pres- 
sure being  exerted  laterally,  skin-grafting  (usually  inadvisable  in  a  leg 
stump)  may  be  employed  to  cover  defects  rather  than  performing  a 
re-amputation.  Moreover,  in  some  cases,  a  good  deal  can  be  gained  by 
removing  wholly  or  in  part  the  folds  of  the  axilla,  that  is,  the  pectoralis 
major  and  teres  minor.  This  has  been  done  with  good  results  and  seems 
to  be  an  operation  worth  doing  in  suitable  cases.  It  is  always  advisable 
to  retain  any  portion  of  the  upper  end  of  the  humerus,  even  if  only  the 
head,  rather  than  to  remove  it  (as  is  necessary  under  similar  conditions 
in  the  thigh),  since  the  appliance  is  fitted  much  more  easily  when  the 
glenoid  cavity  is  filled. 

Operation.  The  best  result  is  given  by  a  large*  external  flap,  which 
should  be  equal  in  length  to  rather  more  than  the  lateral  diameter  of 
the  limb  at  the  point  of  bone  section,  viz.  the  level  of  the  surgical  neck 
of  the  bone.  The  incision  commences  a  good  two  fingers'  breadth  below 
the  seat  of  bone  section  and  is  of  the  usual  U-shape.    The  surgeon  stands 
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on  the  outer  side  of  the  limb  and  must  take  care  that  the  flap  is  equal 
in  width  to  half  the  circumference  of  the  arm  at  the  point  of  bone  section. 
No  tourniquet  is  applied,  and  the  inner  incision,  which  joins  the  upper 
ends  of  that  marking  out  the  large  external  flap  almost  transversely 
across  the  inner  side  of  the  arm,  must  be  made  carefully  in  order  to 
avoid  damage  to  the  vessels  which  lie  just  beneath  the  fascia.  After  the 
skin  has  been  allowed  to  retract,  the  deltoid  is  picked  up  between  the 
left  thumb  and  forefinger,  and  is  cut  obliquely  from  without  inwards 
and  from  below  upwards  until  the  level  of  the  bone  section  is  reached. 
The  next  step  is  to  expose,  secure,  and  divide  the  axillary  vessels,  in 
order  to  reach  which  comfortably  the  attachments  of  the  pectoralis 
major  and  the  coraco-brachialis  are  picked  up  and  either  cut  with  a  knife 
or  stripped  up  from  their  insertion  with  a  rugine.  The  nerves  must  also 
be  divided,  and  this  should  be  done  as  high  up  as  possible.  Finally  the 
remaining  structures,  including  the  triceps,  are  divided  by  a  clean  sweep 
down  to  the  bone,  which  is  then  sawn  in  the  usual  manner. 

In  order  to  increase  the  mobility  of  the  stump,  an  attempt  may  be 
made  to  fasten  the  cut  ends  of  the  pectoralis  major,  coraco-brachialis, 
and  latissimus  dorsi  to  the  portion  of  bone  remaining. 

Owing  to  the  shortness  of  the  stump  it  cannot  be  bound  to  the  side, 
and  movement  will  have  to  be  restrained  by  the  application  of  a  moulded 
shoulder  cap  outside  the  dressings. 

DISARTICULATION  AT  THE  SHOULDER-JOINT 

Indications.  This  type  of  operation  is  frequently  called  for  both  in 
civil  and  military  practice.  The  limb  may  be  torn  off  partially  or  entirely 
by  machinery  accidents,  and  in  military  practice  the  limb  is  often 
shattered  right  up  to  the  shoulder-joint.  In  military  practice,  however, 
the  operation  is  less  common  than  formerly,  owing  to  the  facility  with 
which  conservative  surgery  can  be  practised.  The  same  type  of  opera- 
tion may  be  required  for  a  malignant  growth  of  the  humerus;  in  these 
cases  it  will  be  possible  to  choose  the  most  convenient  and  economical 
method  of  amputation,  whereas  in  traumatic  cases  the  condition  of  the 
soft  parts  at  the  disposal  of  the  surgeon  must  largely  influence  his  choice 
of  method. 

After  this  operation  there  is,  strictly  speaking,  no  stump  left,  and  the 
attachment  of  the  artificial  limb  is  not  always  easy.  The  projection  of 
the  acromion,  however,  gives  some  sort  of  support,  and  it  and  the 
coracoid  process  should  always  be  left  intact  if  possible.  The  position 
of  the  scar  is  not  of  great  consequence,  but  it  is  important  that  the  large 
nerves  should  be  cut  as  short  as  possible,  as  a  painful  scar  from  their 
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implication  in  the  cicatrix  is  not  at  all  uncommon  in  this  situation. 
Perhaps  the  amputations  that 
give  ?-  vertical  cicatrix  are  the 
best,  as  drainage  is  thereby 
facilitated. 

The  most  important  ques- 
tion in  these  amputations  is  the 
prevention  of  haemorrhage,  and, 
on  the  whole,  it  is  best  not  to 
trust  to  compression  of  the  ves- 
sels, but  to  expose  the  axillary 
artery  and  vein  at  an  early 
stage  in  the  operation,  and  se- 
cure and  divide  them  before 
proceeding  further  with  the 
operation.  Compression  of  the 
subclavian  by  the  fingers  of  an 
assistant  is  an  uncertain  method 
at  best,  and  may  be  imprac- 
ticable owing  to  the  circum- 
stances under  which  the  sur- 
geon has  to  work ;  a  temporary 
ligature  or  a  Crile's  clamp  (see 
Fig-  155)  would  be  preferable. 
A  great  number  of  methods 
of  disarticulation  have  been 
practised,  and  Farabeuf  in  his 
Manuel  Operatoire  figures  up- 
wards of  thirty.  The  vast 
majority  of  these,  however, 
vary  only  in  trifling  and  un- 
important details  and  need 
not  be  considered ;  it  will 
only  be  necessary  to  describe 
here  two  that  are  in  com- 
mon use,  each  of  which  is 
Fic.  79.  Incision  for  Spence's  Dis-  suited  to  a  particular  type  of 
ARTICULATION  AT  THE  Shouldeh-joint.  casg_  They  are  (i)  Spence's 
The  whole  of  this  incision,  except  tlie  inner       „      .  .■  1  /:;\  ti,«  ™.,-i; 

,.   ,  -     .  c  J        ,      amputation, and  (n)  Ihemodi- 

limb  seen  in  the  upper  figure,  goes  down  to      .    f       ,       '  ^.  '       „  , 

the  bone.  "^^  racket  operation,    spence  s 

amputation   (see  Figs.  79-81) 
is  best  suited  for  cases  in  which  the  surgeon  i.s  at  liberty  to  choose  the 
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method  that  pleases  him  best,  and  can  obtain  enough  soft  parts  where- 
from  to  fashion  his  flaps;  the  modified  racket  method  (see  Fig.  82)  is 
eminently  suited  for  cases  in  which  the  surgeon  desires  to  explore  the 
parts  and  is  uncertain  whether  he  will  eventually  resect  the  joint  or 
disarticulate.  In  special  cases  the  surgeon  will  make  use  of  whatever 
soft  parts  may  be  available  for  the  fashioning  of  irregularly  shaped 


Fig.  80.  Raisii^g  the  Outer  Flap  in  Spence's  Amputation.  The  deltoid 
is  pulled  away  from  the  head  of  the  bone  with  the  left  hand  and  is  cut  below 
obliquely  from  within  outwards. 

flaps  to  cover  the  stump.  This  is  particularly  the  case  in  machinery 
accidents  where  any  tags  or  flaps  of  skin  that  are  uninjured  may  have  to 
be  pressed  into  the  service  to  cover  in  the  stump,  or  flaps  may  even 
have  to  be  reflected  from  the  thorax  for  the  purpose. 

Spence's  amputation.  Prof.  Spence's  own  account  of  this 
operation  will  be  found  in  his  Lectures  on  Surgery,  vol.  ii,  p.  662,  It  is 
done  as  follows: — 

The  arm  is  slightly  abducted  and  rotated  outwards.     The  surgeon 
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stands  on  the  outer  side,  of  the  limb,  in  the  case  of  the  right  arm  facing 
the  patient's  feet,  in  the  case  of  the  left  facing  his  head.  The  patient 
is  brought  to  the  extreme  edge  of  the  table.  The  incision  is  made  with 
a  broad,  strong  bistoury  from  a  point  just  external  to  the  coracoid  process 
down  through  the  clavicular  fibres  of  the  dehoid  and  pectoralis  major, 
the  humeral  attachment  of  which  is  divided.    The  incision  is  now  curved 


Fic.  8i.  Disarticulation  in  Spence's  Amputation.  The  surgeon  takes  the 
head  of  the  bone  in  his  left  hand,  and,  allowing  the  limb  to  hang  vertically  down, 
cuts  downwards  and  inwards,  following  the  inner  limb  of  the  incision,  and  so 
removes  the  arm.  The  ligatured  ends  of  the  large  vessels  can  be  seen  on  either 
side  of  the  knife, 

outwards  and  backwards  as  far  as  the  posterior  border  of  the  axilla. 
Up  to  this  point  the  knife  is  carried  directly  down  to  the  bone.  The  inci- 
sion is  continued  across  the  inner  aspect  of  the  arm  through  the  skin 
and  fat  only  to  meet  the  original  incision  in  a  gentle  curve  {see  Fig.  79}. 
The  fingers  of  the  left  hand  are  now  inserted  into  the  incision  and 
pushed  down  beneath  the  fibres  of  the  deltoid,  which  are  hooked  up, 
pulled  forcibly  away  from  the  capsule  of  the  joint,  and  any  remaining 
fibres  divided  obliquely  from  within  outwards  (see  Fig.  80).     With 
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them  comes  the  trunk  of  the  posterior  circumflfex   (humeral)  artery, 
which  is  thus  preserved  uninjured. 

The  next  step  is  to  open  the  joint,  which  is  done  by  cutting  directly 
upon  the  tuberosities,  and  dividing  the  tendons  inserted  into  them. 
With  the  point  of  the  knife  the  remainder  of  the  capsule  and  the  broad 
tendon  of  the  subscapularis  are  then  divided,  and  the  head  of  the  bone 
falls  away  from  the  glenoid  cavity.  The  surgeon  then  has  the  arm 
allowed  to  hang  vertically,  seizes  the  head  of  the  bone  in  his  left  hand, 
and,  introducing  his  knife  across  the  joint,  severs  the  remaining  soft 
structures  with  a  long  sawing  cut  from  within  outwards  (see  Fig.  81). 
The  large  outer  or  deltoid  flap  is  held  out  of  the  way  by  an  assistant. 


Fig,  82,    Stump  of  Spences  Disarticulation  at  the  Shoulder- joint. 

and  in  making  the  division  of  the  soft  parts  the  surgeon  follows  care- 
fully the  lower  edge  of  the  flap  on  the  inner  side. 

Spence  had  the  bleeding  controlled  by  an  assistant,  who  slipped  both 
thumbs  into  the  wound  behind  the  knife  as  it  divided  tfce  structures  on 
the  inner  side,  and  compressed  the  vessels  in  the  inner  flap  between  them 
and  his  fingers  outside  the  flap.  It  is  needless  to  say  that  this  is  a 
dangerous  method;  a  far  better  plan  is  to  deepen  the  incision  carefully 
over  the  vessels  as  soon  as  the  flaps  have  been  marked  out,  and  secure 
and  divide  artery  and  veins  between  double  ligatures.     When  finishing 
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the  operation,  the  knife  should  be  carried  through  the  gap  between  these 
divided  ends. 

The  modified  racket  method.    The  thorax  is  well  raised  and 
the  affected  side  drawn  over  the  edge  of  the  table.    The  surgeon  stands 
on  the  outer  side,  facing  the  head  when  the  amputation  is  on  the  right 
side,  and  facing  the  feet  when  it  is  on  the  left.    As  in  the  case  of  Spence's 
amputation  (see  p.  266),  the  artery  may  be  controlled  by  compression 
above  the  clavicle,  by  direct  compression  in  the  flap  by  an  assistant's 
fingers  as  the  vessel  is  divided, 
or,    preferably,    by    deepening 
the  incision  over  the  vessel  and 
securing  it  before  the   opera- 
tion i.s  completed. 

The  point  of  the  knife  is  en- 
tered just  below  and  in  front  of 
the  point  of  the  acromion,  and 
a  vertical  incision  about  four 
or  five  inches  in  length  is  made 
down  to  the  bone  over  the  outer 
aspect  of  the  arm.  This  ex- 
poses the  head  and  neck  of  the 
humerus  and  opens  the  joint. 
and  the  surgeon  is  thereby  able 
to  gauge  the  extent  of  the  mis- 
chief and  to  determine  whether 
he  will  amputate  or  excise. 
Should  he  decide  upon  the 
former  course,  he  enters  his 
knife  in  the  vertical  incision  at 
about  its  mid-point,  and  makes 
it  pass  obliquely  downwards 
and  inwards  over  the  front  and 
inner  aspects  of  the  arm  until 
is  on  the  level  of  the  inser- 
tion of  the  deltoid;  it  is  then 
drawn  transversely  across  the 
back  of  the  limb  and  up  over 
its  outer  side  until  it  reaches  a 
point  in  the  vertical  incision  opposite  to  that  at  which  it  commences  to 
diverge  on  the  inner  side  (see  Fig.  83).  This  incision  should  go 
through  the  skin  and  fascia  everywhere,  but  care  must  be  taken  to  avoid 
the  axillary  vessels  as  it  crosses  the  inner  side. 


Fig.     83.     Disarticulation      at     the 

SHoui.nER  BV  THE  MoniFiED  Racket 
Method.  The  prolonRation  of  the  vertical 
incision  beyond  the  racket  is  only  employed 
when  a  preliminary  examination  is  desired. 
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The  muscles  are  divided  in  the  following  order : — The  anterior  fibres 
of  the  deltoid  are  seen  in  front,  and  these  are  raised  and  separated  from 
the  tendon  of  the  pectoralis  major;  the  latter  is  carefully  divided  at  its 
insertion  into  the  bicipital  groove,  the  vessels  beneath  it  being  protected 
from  injury  meanwhile.  The  coraco-brachialis  is  then  similarly  isolated 
and  divided.  The  inner  or  anterior  flap  is  now  retracted  inwards,  and 
the  vessels  are  exposed  lying  upon  the  triceps,  and  surrounded  by  the 
cords  of  the  brachial  plexus  which  are  isolated  and  divided  as  high  up 
as  possible;  this  exposes  the  axillary  artery  and  vein,  which  are  secured 
and  divided  just  below  the  origin  of  the  circumflex,  and  their  ends  re- 
tracted out  of  the  way.  The  deltoid  is  divided  down  to  the  bone  in  the 
outer  part  of  the  wound  on  a  level  with  the  edge  of  the  retracted  skin, 
and  the  fingers  are  sunk  in  between  its  under  surface  and  the  head  of  the 
bone,  and  the  posterior  flap  is  pulled  well  away  from  the  latter  struc- 
ture. The  joint  is  now  opened  by  dividing  the  muscles  inserted  into 
the  great  tuberosity  in  a  direction  transverse  to  the  long  axis  to  the  limb, 
which  is  meanwhile  brought  down  to  the  side  of  the  trunk  by  the 
assistant.  When  they  have  been  divided  the  joint  is  opened  and  the  bone 
is  rotated  so  that  the  remains  of  the  capsule  and  the  tendon  of  the  sub- 
scapularis  inserted  into  the  lesser  tuberosity,  together  with  that  of  the 
biceps,  may  be  divided  in  turn.  The  limb  is  now  allowed  to  hang  almost 
vertically,  the  elbow  being  inclined  a  little  inwards  beneath  the  table  so 
as  to  thrust  the  head  of  the  bone  upwards  and  outwards  from  the  cavity 
of  the  joint.  The  surgeon  takes  the  head  of  the  bone  in  his  left  hand 
and  passes  his  knife  between  it  and  the  glenoid  cavity,  so  that  it  is  easy 
to  divide  the  remaining  portions  of  the  capsule;  the  head  of  the  bone 
comes  well  away  from  the  glenoid  cavity,  and  the  operation  is  completed 
by  dividing  the  soft  parts  on  the  posterior  aspect  of  the  flap  from  within 
outwards,  the  knife  cutting  its  way  out  on  the  level  of  the  edge  of  the 
retracted  skin.  A  good-sized  drainage  tube  is  inserted  in  the  lower  end 
of  the  wound  and  is  kept  in  for  three  days.  No  splint  is  needed.  The 
resulting  scar  is  vertical. 


CHAPTER  V 
INTERSCAPULO-THORACIC  AMPUTATION 

(REMOVAL  OF  THE  UPPER  EXTREMITY  TOGETHER  WITH  THE 
SCAPULA  AND  A  PORTION  OF  THE  CLAVICLE) 

This  amputation,  which  is  also  known  as  the  '  fore-quarter '  ampu- 
tation, removes  not  only  the  upper  extremity,  but  also  the  shoulder  and 
the  contents  of  the  axilla.  It  was  introduced  by  Berger  and  often  goes 
by  his  name. 

Indications,  (i)  Extensive  crushes  in  the  region  of  the  shoulder, 
such  as  machinery  accidents,  in  which  the  upper  extremity  must  be  sacri- 
ficed and  it  is  impossible  to  get  a  proper  covering  of  soft  parts  without 
removing  the  scapula  also.  At  the  same  time,  every  effort  must  be  made 
to  save  the  scapula  if  this  can  be  done  by  means  of  plastic  surgery.  The 
patient  is  at  a  great  disadvantage  without  it. 

(ii)  For  sarcoma  of  the  axilla  or  of  the  humerus  which  is  too  large 
or  too  widely  infiltrating  to  be  removed  by  any  less  severe  procedure. 

(iii)  Occasionally  it  may  be  done  for  gangrene  or  spreading  cellulitis 
affecting  the  shoulder- joint  and  the  contents  of  the  axilla. 

It  has  been  advocated  for  extensive  recurrence  following  the  usual 
operation  for  carcinoma  of  the  breast,  but  it  need  not  be  discussed  in 
this  connexion,  as  disease  that  has  recurred  widely  enough  to  render 
such  an  extensive  operation  necessary  could  hardly  be  dealt  with  satis- 
factorily by  surgical  measures. 

The  results  of  the  amputation  are  excellent,  and  the  risks  appear  to 
be  little  greater  than  those  of  disarticulation  at  the  shoulder-joint.  If 
the  steps  of  the  operation  descril^ed  below  are  carefully  followed,  the 
bleeding  is  only  slight,  and  the  shock  is  not  greater  than  after  amputa- 
tion at  the  shoulder-joint. 

Operation.  Since  a  tourniquet  cannot  be  applied,  it  is  necessary 
to  ligature  the  subclavian  artery  as  a  preliminary  measure  in  order  to 
control  the  bleeding,  and  this  is  perhaps  the  most  difficult  part  of  the 
operation.  The  affected  shoulder  is  drawn  well  beyond  the  edge  of  the 
table  and  somewhat  raised,  while  the  arm  is  at  the  side  and  the  head 
turned  slightly  to  the  opposite  shoulder.  An  incision  is  made  down  to 
the  bone  along  the  upper  surface  of  the  clavicle  from  the  sternal  to  the 
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acromial  end,  the  soft  parts  dissected  off,  and  the  bone  divided.  Care 
must  be  taken  to  avoid  damage  to  the  subclavian  while  clearing  the 
clavicle,  and  the  rugine  must  be  kept  very  close  to  the  bone  while  strip- 
ping off  the  subclavius  muscle.  A  simple  and  efficient  means  of  di- 
viding the  clavicle  is  by  Giglt's  wire  saw,  which  can  be  passed 
round  the  bone  without  any  risk  of  damage  and  divides  it  rapidly.  A 
very  convenient  plan  is  to  divide  the  bone  first  at  the  junction  of  the 
outer  with  the  middle  third;  the  inner  portion  of  the  clavicle  is  then 


Fic.   84.    The   Anterior   Incision   for   the   Inter- 

SCAPULO-THOBACIC  AMPUTATION. 

seized  in  strong  forceps  and  pulled  upwards,  the  soft  parts  are  carefully 
pressed  away  from  beneath  it,  and  two  or  three  inches  of  it  are  removed. 
After  the  subclavius  muscle  and  its  fascia  have  been  divided,  a  little 
careful  dissection  will  render  evident  the  subclavian  artery  and  its  vein; 
each  vessel  is  ligatured  and  then  clamped  about  an  inch  below  the  liga- 
ture and  divided  between  the  two  with  scissors.  It  is  a  good  plan  also,  as 
recommended  by  Kocher,  to  isolate  and  tie  the  ascending  cervical,  the 
superficial  cervical,  and  the  suprascapular  (transverse  scapular)  arteries 
which  arise  from  the  sulwlavian  artery  and  pass  upwards  or  outwards 
in  front  of  the  scalenus  muscle.     The  transverse  cervical  (transversaUs 
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colli)  artery,  which  runs  outwards  and  backwards  to  the  vertical  border 
of  the  scapula,  may  also  be  identified  and  secured,  and  if  this  be  done  the 
remaining  steps  of  the  operation  will  be  almost  bloodless.  The  brachial 
plexus  is  divided  at  the  same  time,  and  the  divided  lower  ends  are 
pushed  down  out  of  the  way.  It  is  an  excellent  plan  to  inject  a  few 
minims  of  a  4;^  solution  of  B-eucaine  into  the  sheath  of  each  cord  some 
minutes  previous  to  division,  which  should  be  effected  with  a  very  sharp 


Fig.  85,  The  Posterior  Incision  for  the  Intebscapulo-thoracic  Ampu- 
tation. The  left-hand  figure  shows  how  the  anterior  portion  of  the  incision 
crosses  the  axilla. 

knife  and  not  with  scissors,  as  there  should  be  no  crushing  of  the  nerve 
elements.  The  artery  should  be  tied  before  the  vein,  and,  if  it  be  desired 
to  save  as  much  blood  as  possible,  the  limb  should  be  elevated  for  a  few- 
minutes  after  ligature  of  the  artery  and  before  the  vein  is  secured. 

The  surgeon  next  proceeds  to  mark  out  his  flaps.  For  this  purpose 
he  stands  facing  the  patient  and  has  the  arm  drawn  well  away  from  the 
side  by  his  assistant.  From  about  the  centre  of  the  incision  along  the 
clavicle  the  knife  marks  out  a  flap  with  its  convexity  towards  the  point 
of  the  shoulder,  passing  well  on  to  the  deltoid  outside  the  tip  of  the 
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coracoid  process,  and  curving  down  across  the  junction  of  the  anterior 
fold  of  the  axilla  with  the  arm,  transversely  across  the  inner  aspect  of 
the  arm  to  its  junction  with  the  posterior  fold  of  the  axilla  (see  Fig.  84). 
At  this  point  the  assistant  raises  the  limb  almost  vertically  and  pulls  it 
forcibly  upwards,  so  as  to  expose  the  back  of  the  thorax,  and  the  knife 
is  carried  downwards  and  inwards  to  the  inferior  angle  of  the  scapula. 
The  knife  throughout  should  only 
go  through  the  skin  and  deep  fascia. 

The  pectoralis  major  is  now 
divided  in  the  line  of  the  incision, 
and  the  fascia  covering  in  the  axilla 
is  opened  up,  when  the  arm  falls 
well  away  from  the  side  and  the 
axilla  can  be  examined,  and  all  its 
contents,  consisting  of  glands,  ves- 
sels, and  nerves,  can  be  stripped 
down  out  of  the  way.  The  incision 
is  next  deepened  round  to  the  back, 
and  the  latissimus  dorsi  is  divided. 
This  completes  the  formation  of 
the  anterior  flap. 

The    assistant   now    draws   the 
limb  forcibly  across  the  trunk  to 
the  opposite  side,  so  as  to  roll  the 
patient  over  somewhat  on   to  the 
sound   side  and    expose  the   back. 
The   surgeon   stands  to  the   outer     ^ 
side  of  the  limb  and  prolongs  the 
clavicular  incision  from  the  tip  of 
the  acromion  over  the  shoulder  and 
almost  vertically  down  to  meet  the 
end    of    the    first    incision    at    the 
inferior  angle  of  the  scapula   (see 
Fig-  85)-     This  incision,   like  the 
first,  only  goes  through   the  skin 
and   deep   fascia,   after  which   the 
trapezius  is  divided  throughout  its  whole  length,  and  the  surgeon,  dis- 
secting up  the  inner  lip  of  the  posterior  flap,  exposes  the  vertical  border 
of  the  scapula  and  divides  the  muscles  attached  to  it,  which  are  the  last 
structures  to  maintain  the  connexion  of  the  upper  extremity  to  the 
chest.     The  fingers  are  hooked  beneath  the  omo-hyoid,   the  levator 
scapulse,  the  rhomboids,  and  the  serratus  magnus  (serratus  anterior)  in 


Fig.  86,     The     Cicateia     left 

AFTER       AN       InTEBSCAPULO-THORACIC 

Amputation.  As  a  rule  the  flaps 
meet  accurately  and  a  neat  cicatrix 
results. 
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turn,  and  these  muscles  are  divided  as  close  to  the  border  of  the  bone  as 
possible.  If  the  precaution  mentioned  above  of  securing  the  cervical 
branches  of  the  subclavian  be  followed,  little  or  no  bleeding  will  accom- 
pany this  step,  otherwise  there  is  generally  free  bleeding,  which,  how- 
ever, is  easily  controlled  by  taking  up  each  vessel  as  it  is  divided,  and  by 
practising  the  division  of  the  muscles  in  successive  stages. 

After^xemoval  of  the  upper  extremity  entire  in  this  way,  the  flaps 
come  well  together,  and  the  scar  runs  obliquely  downwards,  outwards, 
and  backwards  (see  Fig.  86).  A  drainage  tube  is  placed  in  the  lower 
angle  of  the  wound,  and  ihe  dressings  are  firmly  bandaged  on  so  as  to 
obliterate  all  cavities  in  the  region  of  the  axilla.  The  patient  should  sit 
upright  in  bed,  and  should  be  carefully  protected  from  cold,  as  pneu- 
monia not  infrequently  follows  the  operation. 


AMPUTATIONS  IN  THE  LOWER  EXTREMITY 

CHAPTER  VI 
AMPUTATIONS  OF  THE  FOOT 

AMPUTATIONS  OF  THE  TOES 

The  amputations  performed  upon  the  toes  are  few  in  number. 
Except  in  the  case  of  the  great  toe  it  is  rarely  necessary  to  do  anything 
except  a  disarticulation  at  the  metatarso-phalangeal  joint,  as  the  toes 
themselves  are  of  little  use,  and  removal  of  portions  of  them  often  only 
gives  rise  to  a  stump  that  gets  in  the  way  and  is  subjected  to  injurious 
pressure.  The  line  of  the  metatarso-phalangeal  joints  lies  about  an  inch 
behind  (or  above)  the  free  margin  of  the  web  of  the  toes.  The  joint 
line  of  the  great  toe  can  be  localized  accurately  by  palpation,  on  flexing 
and  extending  the  toe,  and  the  prominence  of  the  metatarso-phalangeal 
joints  is  formed  by  the  head  of  the  metatarsal  bone.  The  ligaments  of 
these  joints  consist  of  two  lateral  and  an  anterior  or  glenoid  ligament. 

AMPUTATIONS  OF  THE  GREAT  TOE 

Disarticulation  at  the  inter-phalangeal  joint.  The  best 
amputation  is  by  means  of  a  single  plantar  flap,  and  the  operation  is 
similar  in  all  respects  to  the  corresponding  operation  on  the  terminal 
joints  of  the  fingers  (see  p.  213).  The  toe  is  flexed  and  held  between  the 
left  thumb  and  forefinger  (see  Fig.  87),  and  a  transverse  incision  is 
made  with  a  bistoury  across  the  inter-phalangeal  joint  at  right  angles  to 
the  surface;  the  knife  should  enter  the  articulation  at  once.  The  lateral 
ligaments  are  divided  by  slight  sawing  movements,  and  the  knife  is  car- 
ried on  across  the  joint  until  it  has  divided  the  glenoid  ligament,  when 
its  edge  is  turned  downwards  towards  the  tip  of  the  toe,  and  it  is  made 
to  cut  downwards  close  behind  the  plantar  surface  of  the  phalanx  until 
quite  near  the  tip  of  the  toe,  when  its  edge  is  turned  at  right  angles  to 
the  plantar  surface  and  made  to  cut' its  way  out.  The  flap  thus  cut 
should  be  quite  square  at  the  end,  so  as  to  fit  accurately  to  the  transverse 
incision  on  the  dorsal  aspect. 

There  will  be  few  bleeding  vessels  to  secure,  as  only  the  terminal 
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branches  of  the  digital  vessels  are  divided  and  they  are  easily  controlled 
by  firm  pressure.  The  flap  is  secured  in  position  by  two  deep  sutures  of 
silkworm-gut,  while  the  margins  of  the  skin  are  approximated  by  a 
continuous  suture. 

The  plantar  flap  may  be  raised  by  cutting  it  from  without  inwards; 
in  this  case  the  toe  is  hyper-extended,  and  the  plantar  flap  is  marked  out 
first  and  then  raised,  taking  up  all  the  structures  down  to  the  bone.  The 
flexor  tendon  and  the  glenoid  ligament  are  cut  together  on  the  same 
level.  When  the  plantar  flap  has  been  raised,  the  toe  is  flexed,  and  an 
incision  is  made  transversely  across  the  dorsal  aspect  exactly  over  the 


Fic.  87.  Disarticulation  of  the  Great  Toe  at  the  Inter-fkalangeal 
Joint.  This  shows  the  method  of  holding  the  great  toe.  The  steps  of  the  opera- 
tion are  similar  to  those  of  the  corresponding  operation  in  the  fingers. 

joint  on  a  level  with  the  base  of  the  plantar  flap.  This  divides  the 
extensor  tendon  and  opens  the  joint,  and  disarticulation  can  be  completed 
by  a  few  touches  with  the  point  of  the  knife.  This  method  is  a  little 
slower  than  the  preceding  one,  which  on  the  whole  is  preferable,  except 
perhaps  in  cases  in  which  there  is  much  limitation  of  movement  in  the 
joint. 

Disarticulation  at  the  metatarso-phalangeal  joint.  There 
are  several  operations  for  disarticulation  at  the  great  toe  joint,  and  the 
surgeon  will  be  largely  guided  by  the  particular  affection  for  which  the 
amputation  is  to  !«  done,  and  the  amount  and  distribution  of  the  tissues 
at  his  disposal  for  the  flaps.    The  most  satisfactory  method  is  probably 
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that  by  a  large  internal  flap,  which  is  known  by  the  name  of  Farabeuf, 
although  it  is  by  no  means  the  easiest  to  perform  successfully. 

Anatomical  points.  There  are  certain  points  that  must  be  borne  in 
mind  in  all  disarticulations  in  this  situations.  In  the  first  place  the  large 
size  of  the  head  of  the  first  metatarsal  bone  renders  it  impossible  to 
get  the  flaps  to  meet  accurately  over  it,  unless  the  incisions  are  so 
planned  that  they  do  not  diverge  from  one  another  above  the  level  of  the 
joint.  Thus,  if  a  racket  incision  be  .employed,  the  lower  end  of  the 
handle  of  the  racket  must  be  carried  down  to  or  even  below  the  joint 
level  before  the  circular  incision  is  carried  round  the  toe,  and  if  a 
Farabeuf's  amputation  be  performed  the  incision  must  start  at  or  even 
below  the  joint  line.  Another  point  of  some  importance  is  that  the 
weight  of  the  body  is  chiefly  transmitted  through  the  heel  and  the 
heads  of  the  metatarsal  bones,  and  that  most  of  the  weight  falls  upon 
the  head  of  the  first  metatarsal.  Special  efforts  should  be  made  to  pre- 
serve this  structure  in  all  cases,  as  its  removal  is  apt  to  alter  the 
mechanics  of  the  foot  entirely  and  to  interfere  seriously  with  locomo- 
tion. It  is  also  very  important  to  place  the  scar  resulting  from  the  opera- 
tion where  it  will  not  be  exposed  to  the  risk  of  pressure  from  the  boot, 
as  otherwise  intolerable  pain  may  ensue,  and  another  amputation  may 
be  necessary.  The  sesamoid  bones  should  always  be  left  in  the  flap,  as 
their  removal  will  endanger  the  vitality  of  the  flap  and  may  interfere 
with  easy  locomotion. 

By  a  large  internal  flap  (Farabeuf's  method).  In  this  amputation 
the  head  of  the  first  metatarsal  is  covered  by  a  large  flap,  derived  partly 
from  the  internal  and  partly  from  the  plantar  aspect  of  the  great  toe, 
which  is  folded  across  over  the  head  of  the  bone  and  united  to  the 
adjacent  lateral  aspect  of  the  second  toe  just  at  the  base  of  the  web;  the 
result  is  that  the  cicatrix  lies  deep  in  the  web  between  the  first  and  second 
toes,  and  is  out  of  the  way  of  pressure. 

Perhaps  the  most  important  practical  point  to  remember  when  per- 
forming this  operation  is,  that  if  the  incision  be  commenced  above  the 
joint  line,  the  large  size  of  the  head  of  the  metatarsal  will  prevent  the 
flaps  coming  properly  together  over  it,  and  some  portion  of  the  articular 
surface  will  therefore  have  to  be  cut  away;  this  should  always  be 
avoided  because  of  the  important  part  the  articular  end  of  the  bone  plays 
in  supporting  the  weight  of  the  body. 

Operation.  The  surgeon  stands  facing  the  sole,  and  has  the  foot 
projecting  beyond  the  end  of  the  table.  The  great  toe  is  taken  between 
the  left  thumb  and  forefinger  and  is  flexed  somewhat  towards  the  sole. 
The  knife  is  entered  on  a  level  with  the  joint  line  at  the  point  where  an 
imaginary  inner  joins  an  imaginary  dorsal  surface,  supposing  that  the 
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toe  were  mapped  out  into  four  surfaces,  anterior,  posterior,  internal,  and 
external;  this  point  is  slightly  to  the  inner  side  of  the  tendon  of  the 
extensor  hallucis  longus.  The  incision  is  carried  straight  down  the  toe 
until  the  neck  of  the  first  phalanx  is  reached,  and  it  is  then  curved 
inwards  over  the  inner  aspect  of  the  toe  until  it  reaches  the  junction  of 
the  imaginary  internal  and  plantar  surfaces.  At  this  point  the  toe  is 
firmly  dorsi-flexed  and  the  incision  is  carried  obliquely  upwards  to  the 
web  between  the  first  and  second  toes  across  the  plantar  surface  of  the 
toe.    The  toe  is  finally  plantar-flexed  somewhat,  and  pulled  away  from 


)' 

Farabeuf's  Disarticulation  at  the  Metacarpo-phalangeal 
Articulation  of  the  Great  Toe. 


the  second  toe,  and  the  incision  is  carried  from  the  web  back  by  the 
shortest  route  to  the  point  from  which  it  started  (see  Fig.  88).  The 
surgeon  holds  the  toe  in  his  left  hand,  the  whole  time,  changing  its  posi- 
tion as  the  knife  is  carried  round.  The  first  two-thirds  of  the  incision 
are  made  with  one  sweep  of  the  knife,  the  remaining  portion,  namely, 
the  incision  from  the  web  to  the  starting-point,  is  usually  made  by  a 
separate  cut  in  the  reverse  direction  of  the  first.  The  incision  should  go 
down  to  the  bone  so  as  to  avoid  damage  to  the  blood-supply  of  the  flap, 
and  the  extensor  tendon  should  be  divided  on  the  level  of  the  joint. 

The  toe  is  now  taken  charge  of  by  the  assistant,  while  the  surgeon 
dissects  back  the  large  internal  flap  thus  marked  out;  while  the  flap  is 
being  raised  the  toe  should  l>c  dorsi-flexed.  When  the  level  of  the  joint 
is  reached  the  toe  is  fully  dorsi-flexed,  and  the  glenoid  ligament  is  cut 
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through  just  beyond  the  sesamoid  bones,  which  are  left  behind  in  the 
flap.  The  lateral  ligaments  are  divided  by  a  few  touches  with  the  point 
of  the  knife,  and  then  the  phalanx  can  be  twisted  out  and  the  extensor 
tendon  divided,  if  this  has  not  been  done  already  (see  Fig.  89), 

There  is  little  bleeding.  Some  of  the  digital  branches  may  require 
ligature,  but  it  is  not  necessary  to  use  a  tourniquet.  The  flexor  sheath 
need  not  be  closed,  and 
no  drainage  tube  need  be 
used;  it  is  unnecessary  to 
pay  any  attention  to  the 
divided  flexor  and  exten- 
sor tendons. 

By  a  large  square  in- 
ternal flap.  This  method 
is  suitable  for  the  same 
cases  as  those  to  which 
the  preceding  method  (to 
which  it  is  very  similar) 
is  applicable,  but  It  does 
not  give  such  an  artistic 
result.  The  incision  is  be- 
gun on  a  level  with  the 
joint  line  just  internal  to 
the  extensor  tendon,  and  is 
carried  vertically  down  the 
toe  as  far  as  the  base  of  the 
terminal  phalanx.  From  this 
point  a  transverse  incision 
is  carried  around  the  inner 
side  of  the  great  toe  to  a 
point  on  the  plantar  surface 
corresponding  to  that  on 
the  dorsum,  and  thence  the 
incision  is  continued  up  the 
middle  line  of  the  plantar 
surface  to  the  level  of  the 
web  between  the  first  and 
second  toes.  From  the  upper  extremity  of  this  incision  a  transverse  cut 
is  then  carried  round  the  outer  side  of  the  base  of  the  great  toe  on  a  level 
with  the  free  margin  of  the  web,  until  it  meets  the  dorsal  incision,  usually 
about  one-third  down  its  length  (see  Fig.  90).  The  flaps  thus  marked 
out  are  raised,  and  the  bone  is  disarticulated  as  in  the  preceding  operation. 


Fig.  89.  The  Stump  left  after  Fara- 
BEUFs  Amputation  of  the  Great  Toe.  The 
figure  shows  how  well  the  cicatrix  is  removed 
from  all  source  of  pressure. 
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is  by  the  ordinary  racket  amputation  already  described  for  the  great 
toe  (see  p.  ^80).  The  line  of  the  metatarso-phalangeal  articulation  is 
one  inch  above  the  web,  and  the  handle  of  the  racket  should  commence 
just  above  this  point  directly  over  the  extensor  tendon.  The  vertical  limb 
of  the  incision  should  be  carried  down  beyond  the  level  of  the  free  margin 
of  the  web  before  the  transverse  circular  cut  is  commenced.  If  this  be 
done,  there  will  be  no  difficulty  in  getting  the  flaps  to  meet  satisfactorily. 
Disarticulation  at  the  metatarso-phalangeal  joint  of  the  little  toe 
may  be  performed  by  any  of  the  methods  applicable  to  the  great  toe, 
employing  an  external  flap,  where  an  internal  flap  is  employed  for  the 
latter.  As  a  rule,  however,  the  comparative  small  size  of  the  parts  and 
the  possible  distortion  of  the  toe  will  render  the  racket  method  (see 
p.  280)  the  most  suitable  on  the  whole. 

AMPUTATIONS  OF  THE  FOOT 

DISARTICULATION   THROUGH   THE  TARSO-METATARSAL  JOINTS 

This  is  a  very  satisfactory  form  of  operation,  giving  an  excellent 
stump  which  is  fit  to  bear  the  full  weight  of  the  body  and  is  easily  fitted 
with  a  suitable  boot. 

Indications.  It  is  performed  fairly  frequently,  and  it  may  be 
required  for 

(i)  Severe  crushes  involving  all  the  toes. 

(ii)  Some  cases  of  frost-bite  limited  to  the  toes,  and  not  implicating 
the  structures  in  the  sole. 

For  tuberculous  disease  of  the  metatarsus,  perforating  ulcer  of  the 
foot,  or  sepsis  limited  to  the  front  of  the  foot,  it  is,  however,  not  really 
satisfactory.  Tuberculous  disease  can  be  better  treated  either  by  free 
exposure  and  removal  of  the  diseased  area,  or,  if  that  be  impossible,  by 
amputation  higher  up  the  limb;  a  procedure  which  is  certain  to  remove 
the  entire  area  of  disease,  which  the  disarticulation  in  question  is  not 
certain  to  do.  The  same  remarks  apply  to  septic  conditions  about  the 
front  of  the  foot  and  toes,  which  can  be  cured  either  by  properly  planned 
drainage,  or  by  an  amputation  above  the  level  of  the  disease.  In  per- 
forating ulcer  of  tlie  foot,  faulty  nutrition  of  the  parts  is  the  primary 
cause  of  the  ulcer,  and  this  is  likely  to  interfere  with  union  if  an  ampu- 
tation be  done  through  the  badly  nourished  tissues. 

Three  forms  of  amputation  are  performed  in  this  situation,  of  which 
the  true  disarticulation  is  that  known  as  Lisfranc's  operation,  or  separa- 
tion of  the  metatarsus  from  the  tarsus,  following  its  anatomical 
boundaries.  The  two  other  operations  separate  the  two  portions  of  the 
foot  more  arbitrarily.     The  operation  known  as  Hey's  is  a  disarticula- 
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tion  through  the  four  outer  joints  of  the  foot,  followed  by  removal  of 
the  projecting  end  of  the  internal  (first)  cuneiform  bone.  The  third 
form,  known  as  Skey's,  is  done  by  disarticulating  the  inner  and  the 
three  outer  metatarsals  as  in  Lisfranc's  operation,  and  then  sawing 
across  the  base  of  the  second  metatarsal  instead  of  disarticulating  it. 

Lisfranc's  operation.  The  operation  most  in  vogue  at  the  present 
time  seems  to  be  Lisfranc's,  but  the  more  symmetrical  stump  resulting 
from  Hey's  amputation  is,  in  my  opinion,  much  better  than  that  follow- 
ing the  true  Lisfranc's,  in  which  the  internal  (first)  cuneiform  forms 
a  projection  on  the  inner  side  of  the  foot;  although  this  may  be  useful 
in  bearing  the  weight  of  the  limb,  it  nevertheless  sometimes  offers  an 
obstacle  to  the  proper  union  of  the  flaps. 

When  performing  amputation  of  the  metatarsus,  I  am  in  the  habit 
of  doing  the  true  Lisfranc's  operation  and  then  sawing  off  that  portion 
of  the  internal  (first)  cuneiform  afterwards  that  projects  beyond  the 
line  of  the  other  bones.  There  is  no  objection  to  sawing  across  this 
bone;  the  reason  for  avoiding  doing  so  in  former  years,  namely,  the  fear 
of  giving  rise  to  septic  osteitis,  exists  no  longer. 

Another  modification  of  the  amputation  which  is  of  practical  value 
in  some  cases,  and  which  is  perhaps  the  simplest  way  of  performing  this 
operation,  is  to  disarticulate  the  three  outer  joints,  and  then  to  cut 
across  the  base  of  the  second  metatarsal  and  the  internal  (first)  cunei- 
form with  a  saw  in  the  line  of  the  three  outer  articulations.  This  is 
a  very  useful  plan  should  the  surgeon  find  that  he  has  commenced  his 
incisions  too  far  back  on  the  foot,  and  that  he  will  te  unable  otherwise 
to  cover  the  bones  efficiently. 

Surgical  anatomy..  The  line  of  the  tarso-metatarsal  articulation  is 
an  irregular  one.  It  commences  on  the  inner  side  at  the  joint  between  the 
internal  (first)  cuneiform  and  the  first  metatarsal,  and  ends  at  that 
between  the  cuboid  and  the  fifth  metatarsal  on  the  outer.  The  projection 
on  the  base  of  the  latter  bone  is  easily  felt  through  the  skin,  and  the  inci- 
sion should  extend  down  to  the  tip  of  this.  The  articulation  between  the 
intertial  (first)  cuneiform  and  the  first  metatarsal  on  the  inner  side, 
however,  cannot  always  be  felt,  and  the  best  way  to  localize  it  is  to  iden- 
tify the  prominent  tubercle  of  the  scaphoid  and  to  take  a  point  a  full  inch 
horizontally  in  front  of  this;  the  line  of  the  incision  can  be  determined 
without  difficulty  as  the  shaft  of  the  first  metatarsal  is  easily  pal- 
pable. 

Operation.  The  surgeon  faces  the  sole  of  the  affected  foot  and  has 
the  limb  raised  to  a  suitable  height  and  held  with  the  foot  at  right 
angles  to  the  leg  by  an  assistant,  who  grasps  the  toes  and  pulls  them 
backwards.     The  surgeon   defines  the  anatomical   landmarks   for  his 
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incision,   and  marks  them  with  his  left  thumb  and   forefinger    (see 
Fig-  92).     He  then  enters  the  point  of  the  knife  just  below  the  tip  of 


i 


/ 


r 


Fig.  92.  Cutting  the  Plantar  Incision  in  Lisfranc's  Amputation.  The 
figure  shows  the  method  of  marking  out  the  termination  of  the  incision  by  the 
left  thumb  and  index  finger.    It  also  shows  how  the  foot  is  held  during  the  incision. 

the  forefinger,  which  will  be  on  the  outer  side  of  the  right  limb  and  on 
the  inner  side  of  the  left.     From  this  point  the  incision  is  cai;ried  for- 
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ward  accurately  along  the  border  of  the  foot  until  the  neck  of  the  meta- 
tarsal bone  is  reached.  It  is  then  carried  across  the  sole  of  the  foot  over 
the  prominent  heads  of  the  metatarsal  bones  parallel  to  the  hne  of  the 
web  until  the  opposite  border  of  the  foot  is  reached,  when  it  is  carried 
along  that  border  back  to  the  surgeon's  left  thumb,  which  marks  the 
termination  of  the  incision  (see  Fig.  93). 

This  incision  marks  out  a  large  flap  on  the  plantar  aspect  of  the  foot 
which  is  rather  longer  on  the  inner  side  than  on  the  outer,  in  order  to 


Fig.  93.  Incisions  for  Lisfranc's  Amputation.  The  left-hand  figure  shows 
the  obliquity  of  the  incision  from  the  inner  side  to  the  outer  side.  Note  that  the 
horizontal  portion  of  the  plantar  incision  is  well  up  along  the  respective  meta- 
carpal bone. 

allow  for  the  due  covering  of  the  thicker  bones  on  the  inner  side  of  the 
foot.  In  making  the  incision  great  care  must  be  taken  to  commence 
the  incision  strictly  from  the  anatomical  landmarks,  especially  on  the 
inner  side,  and  to  carry  it  well  on  the  lateral  aspect  of  the  foot  until  the 
level  of  the  necks  of  the  metatarsals  is  reached.  The  tendency  is  to 
carry  it  from  the  centre  of  the  lateral  aspect  of  the  internal  (first) 
cuneiform  obhquely  into  the  sole  instead  of  along  the  inner  border  of 
the  ioot.  The  knife  must  be  held  strictly  at  right  angles  to  the  skin 
throughout  the  incision,  which  should  go  through  the  skin  and  sub- 
cutaneous fat  only.    No  tourniquet  is  needed. 
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In  dissecting  up  the  plantar  flap  the  surgeon  raises  the  skin  and  fat 
otily  for  the  first  inch  or  so;  for  this  purpose  forceps  may  be  used. 


Fig.  94-  Raising  the  Plantar  Flap  in  Lisfranc's  Amputation.  Ail  the 
structures  are  taken  up  down  to  the  bone.  The  large  tendon  of  the  peroneus 
longus  can  be  seen  crossing  the  sole  obliquely  forwards  and  inwards  from  the 
outer  side. 

When  the  level  of  the  necks  of  the  metatarsal  bones  is  reached,  however, 
the  edge  of  the  flap  is  grasped  in  the  ringers  and  all  the  structures  are 
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taken  up  down  to  the  metatarsal  bones.  This  gives  a  large,  thick,  well- 
nourished  flap  which  is  dissected  back  to  the  level  of  the  horns  of  the 
incision,  when  the  tendon  of  the  peroneus  longus  will  be  seen  in  its 
sheath  crossing  the  bones  obliquely  forwards  and  inwards  (see  Fig.  94), 
When  the  plantar  flap  has  been  raised  suflliciently  the  surgeon  grasps 


\, 


tic.  95.  Method  of  Grasping  the  Foot  when  cutting  the  Dorsal  Incision 
IN  LisFKANc's  Amputation.  If  the  surgeon's  left  hand  grasps  the  foot  in  this 
manner  it  retains  perfect  control  over  the  front  of  the  foot  during  the  subsequent 
stages  of  the  operation, 

the  forepart  of  the  foot  with  his  left  hand  across  the  dorsum  (see 
P'E-  95).  and  joins  the  two  extremities  of  the  plantar  incision  by  a  cut 
across  the  dorsum  slightly  convex  downwards,  extending  only  through 
the  skin  and  fascia.  When  the  skin  has  retracted,  the  tendons,  vessels, 
and  nerves  are  severed  down  to  the  bone  on  the  level  of  the  edge  of  the 
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retracted  skin,  and  the  surgeon  proceeds  to  disarticulate  the  metatarsus 
from  the  tarsus.  In  the  right  foot  he  commences  on  the  outer  side,  in 
the  left  foot  on  the  inner.  It  is  easier  to  begin  from  the  outer  side,  as 
the  prominent  tuberosity  of  the  fifth  metatarsal  bone  is  a  landmark  that 
cannot  be  missed.  The  knife  is  slipped  in  behind  it,  and,  by  using  the 
point  only,  the  tarso-metatarsal  ligaments  are  divided,  and  the  two 
outer  joints  are  opened  up  with  ease  as  they  lie  on  the  same  horizontal 


Fic.  g6.  Method  of  DisARTrcuLAXiNO  the  Base  of  the  Second  Metatarsal 
Bone.  The  figure  shows  how  the  knife  is  held  and  introduced  between  the  meta- 
tarsal and  internal  cuneiform. 

line.    The  third  joint  is  also  easy  to  find,  but  it  is  a  trifle  nearer  the  toes 
than  the  two  preceding  ones. 

When  these  three  joints  have  been  opened,  the  articulation  between 
the  first  metatarsal  and  the  internal  (first)  cuneiform  must  be  located 
and  opened.  This  is  the  chief  stumbling-block  of  the  operation,  for, 
unless  the  landmarks  have  been  accurately  made  out,  the  surgeon  may 
mistake  the  joint  lietween  the  scaphoid  (navicular)  and  the  cuneiform 
for  that  between  the  latter  and  the  first  metatarsal,  and  may  therefore 
remove  the  internal  (first)  cuneiform  with  the  front  of  the  foot.  If. 
however,  the  three  outer  joints  have  been  opened  first,  it  is  always  easy 
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to  locate  the  joint  required  on  the  inner  side,  as  it  is  nearly  an  inch  in 
front  of,  viz.  nearer  to  the  toes  than,  the  joints  just  mentioned.  When 
this  joint  has  been  opened,  all  that  remains  in  order  to  complete  the  dis- 
articulation is  to  divide  the  ligaments  of  the  second  metatarsal  bone, 
which  is  wedged  in  between  the  inner  and  outer  cuneiform  bones.  In 
order  to  do  this  the  knife,  held  as  shown  in  Fig.  96,  with  its  edge  upwards 
is  introduced  between  the  first  and  second  metatarsals,  and  made  to  find 


Fig.  97.  Disarticulation  of  the  Front  Half  of  the  Foot  in  Lisfranc's 
Amputation.  The  knife  is  in  the  act  of  severing  the  peroneus  longus  tendon, 
thereby  releasing  the  front  half  of  the  foot. 

its  way  into  the  interval  between  them  and  cut  upwards  with  a  light 
sawing  movement.  It  is  then  withdrawn  and  introduced  between  the 
second  and  third  metatarsals,  where  the  division  of  the  ligaments  is  prac- 
tised in  a  similar  manner.  Finally,  the  ligaments  uniting  the  bone  to 
the  second  cuneiform  are  put  on  the  stretch  and  rendered  prominent 
by  pressing  the  toes  downwards,  and  are  divided  by  a  few  touches  of 
the  point  of  a  knife  (see  Fig.  96).    The  foot  is  thus  disarticulated. 

Before  sewing  up  the  flaps  it  is  advisable  to  pull  out  and  cut  short 
the  tendons  on  the  plantar  and  the  dorsal  aspects  of  the  foot.  The  ves- 
sels, namely,  the  dorsalis  pedis  and  the  two  plantar  trunks,  will  have 
been  picked  up  and  secured  as  they  were  divided  in  the  operation.  Should 
the  surgeon  desire  it,  he  may  finish  the  operation  by  sawing  off  the  project- 
ing portion  of  the  internal  cuneiform  in  order  to  make  a  neater  stump. 


290  AMPUTATIONS 

When  the  flaps  are  brought  together  their  line  of  union  falls  upon 
the  dorsal  aspect  of  the  limb  (see  Figs.  98,  99),  and  the  scar  will  be  out 


Fig.  98.    Stump  of  Lisfbanc's  Amputation  seen  from  the  Outer  Side, 


Fig.  99.  LisFRANc's  Ami'Dtation,  Stump  seen  from  the  Inner  Side  when 
THE  Incision  has  been  cokrectly  planned.  The  line  of  suture  is  drawn  some- 
what up  to  the  dorsal  aspect  of  the  foot. 

of  the  way  of  irritation  from  pressure  owing  to  the  retraction  of  the  skin 
over  the  instep.  It  is  important  not  to  cut  any  dorsal  flap;  if  one  be  made, 
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the  line  of  union  will  lie  over  the  edge  of  the  bones,  and  much  distress 
may  ensue  from  friction  against  the  boot.  The  plantar  flap,  on  the  other 
hand,  is  admirably  adapted  for  bearing  pressure  without  trouble.  Two 
drainage  tubes  should  be  inserted,  one  at  the  inner  and  one  at  the  outer 
angle  of  the  stump;  this  is  better  than  passing  a  long  single  tube  across 
from  side  to  side.  Stout  silkworm-gut  sutures  will  he  required  to  hold 
the  heavy  flap  in  position,  and  the  approximation  of  the  skin-edges 
should  be  completed  by  means  of  a  continuous  silk  or  silkworm-gut  suture. 


Fig.  100.  The  Appearance  presented  by  the  Stomp  of  a  Lisfranc's 
Amputation  when  the  Flaps  have  been  improperly  planned.  In  this  case 
the  incision  has  been  begun  rather  behind  the  joint  on  the  inner  side.  The  large 
internal  cuneiform  is  partly  exposed  and  the  flaps  cannot  be  properly  approxi- 
mated. 

The  limb  should  be  put  up  on  a  splint  with  a  foot-piece  at  right  angles, 
and  this  should  be  elevated  upon  a  pillow.  The  knee  should  be  fixed. 
After-treatment.  The  drainage  tube  should  be  removed  on  the 
third  day,  when  it  is  an  excellent  plan  to  apply  a  collodion  dressing  in 
such  a  way  as  to  support  the  heavy  flap  and  prevent  the  stitches  from 
cutting  through  (see  Fig.  108).  The  continuous  suture  may  be  removed 
at  the  end  of  ten  days,  but  the  deep  silkworm-gut  sutures  should  not  be 
dispensed  with  for  at  least  a  fortnight  or  three  weeks  from  the  time  of 
operation.  The  patient  is  usually  able  to  bear  a  fair  amount  of  pressure 
upon  the  limb  in  about  a  month's  time,  and  the  stump  should  be  per- 
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fectly  sound  and  useful  in  six  weeks,  as  the  skin  covering  the  sole  ought 
to  bear  any  pressure  thrown  upon  it  without  injury. 

Difficulties.  The  most  serious  difficulty  is  a  mistake  in  locating  the 
landmarks  when  cutting  the  flaps;  in  operating  upon  the  cadaver  this 
mistake  is  constantly  made.  It  is  somewhat  easier  to  define  the  points 
in  the  living  subject,  but  even  then  there  is  a  liability  to  go  wrong,  unless 
care  be  taken  to  place  the  thumb  or  forefinger  on  each  point  as  it  is 
identified,  and  to  keep  them  in  position  until  the  incision  marking  out 
the  plantar  flap  has  been  completed. 

Another  serious  difficulty  has  already  been  referred  to,  namely,  the 
inability  to  cover  the  inner  aspect  of  the  internal  (first)  cuneiform  (see 
Fig.  lOo)  ;  this  is  due  to  the  incision  either  being  commenced  well  below 
the  level  of  the  centre  of  the  lateral  aspect  of  the  first  metatarsal,  or  else 
being  carried  down  on  to  the  sole  too  quickly,  instead  of  running  hori- 
zontally along  the  lateral  aspect  of  the  metatarsal. 

The  third  difficulty,  namely,  the  disarticulation  of  the  second  meta- 
tarsal bone,  has  also  been  referred  to  (see  p.  288),  and  can  be  avoided  by 
following  the  instructions  there  given.  It  is,  however,  chiefly  a  difficulty 
of  the  examination  room,  for,  in  actual  practice,  it  makes  no  diflference 
whatever  whether  the  bone  be  cleanly  disarticulated  or  its  base  sawn 
across  and  left  behind. 

DISARTICULATION  AT  THE  MEDIO-TARSAL  JOINT 

Chopart's  amputation.  This  operation,  which  is  still  a  favourite 
at  examinations  and  in  the  dissecting  room,  is  of  little  value  in  practice; 
it  does  not  compare  for  usefulness  with  Syme*s  or  some  form  of  the 
sub-astragaloid  amputation.  The  objections  to  Chopart's  amputation 
are  numerous,  the  most  important  being  that,  owing  to  the  removal  of 
the  front  of  the  foot,  the  body  weight  ceases  to  be  transmitted  through 
the  heads  of  the  metatarsal  bones,  and  so  the  astragalus  (talus),  through 
which  the  weight  is  transmitted,  loses  the  support  afforded  it  by  the 
front  of  the  foot  in  the  normal  state,  and  tends  to  be  thrust  forward 
beneath  the  tibia  against  the  cicatrix,  to  which  it  becomes  adherent,  so 
that  a  painful  ulcerated  stump  results.  Moreover,  the  tendo  Achillis 
causes  tilting  of  the  heel,  since  its  action  is  unbalanced  by  the  dorsi- 
flexors  of  the  foot,  such  as  the  tibialis  anticus  (anterior)  and  the 
extensors.  This  tends  to  protrude  the  astragalus  (talus)  still  further, 
and  is  practically  impossible  to  remedy.  Division  of  the  tendo  Achillis 
is  only  of  temporary  benefit,  and  even  the  suggested  implanation  of  the 
dorsi-flexors  of  the  foot  into  the  plantar  flap  does  not  provide  them  with 
sufficient  leverage  to  enable  them  to  act  satisfactorily. 

Quite  apart  from  the  unsuitability  of  the  stump,  there  is  the  further 
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objection  that  the  scope  of  the  operation  must  necessarily  be  very  limited. 
In  cases  of  injury  it  will  generally  be  possible  to  preserve  some  portion 
of  the  cuneiform  bones  at  any  rate,  and  so  to  secure  a  foot  that  will  be 
more  mechanically  useful;  this  means  that  some  modification  of  Lis- 
franc's  amputation  (see  p.  283)  will  be  preferred.  In  tuberculous  or 
septic  disease  Chopart's  operation  is  wholly  unsuitable;  owing  to  the 
arrangement  of  the  synovial  membrane,  tuberculous  disease  which  has 
spread  as  far  as  the  scaphoid  (navicular)  and  the  cuboid  will  have 
extended  to  the  tendon  sheaths  in  the  vicinity,  or  to  the  joints  on  the 


Fig.  ioi.    Incisions  for  Chopart's  Amputation, 

proximal  side  of  the  medio-tarsal  articulation,  and  some  more  radical 
operation  which  will  ensure  removal  well  beyond  the  limit  of  the  disease 
must  be  practised.    The  same  remark  applies  to  septic  disease. 

Surgical  anatomy.  The  only  prominent  guide  to  the  joints  between 
the  OS  calcis  (calcaneus)  and  the  astragalus  (talus)  behind  and  the  cuboid 
and  the  scaphoid  (navicular)  in  front,  is  the  tubercle  of  the  latter,  which 
is  about  half  an  inch  in  front  of  the  joint  on  its  inner  side.  On  the 
outer  side  the  joint  lies  about  midway  between  the  tip  of  the  external 
malleolus  and  the  tuberosity  and  the  fifth  metatarsal  bone.  The  line  of 
the  joint  is  almost  transverse,  the  calcaneo-cuboid  articulation  being  on 
a  slightly  posterior  level  to  the  astragalo-scaphoid  ( talo-navicular ) . 
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Operation.  The  foot  is  raised  and  somewhat  dorsi-flexed  by  an 
assistant;  the  surgeon  stands  facing  the  sole.  The  left  thumb  and 
forefinger  are  placed  upon  the  two  anatomical  landmarks  mentioned 
above,  and  a  plantar  flap  is  marked  out  commencing  on  the  outer  side 
of  the  right  foot  and  on  the  inner  side  of  the  left  (see  Fig.  loi).  The 
incision  resembles  that  for  Lisfranc's  operation  (see  p.  283),  except  that 
it  does  not  extend  as  far  forwards  as  the  level  of  the  necks  of  the 
metatarsal  bones;  as  in  Lisfranc's,  it  is  longer  on  the  inner  side  than  on 
the  outer,  and  the  same  care  must  be  taken  to  keep  it  well  up  on  the 
inner  and  outer  borders  of  the  foot  respectively,  or  else  it  will  be  difficult 
to  cover  the  bones  at  the  junction  of  the  flaps.  The  plantar  flap  is 
raised  just  as  in  Lisfranc's  operation  (see  p.  283),  the  skin  and  sub- 
cutaneous fat  being  taken  for  the  first  inch,  and  after  that  all  the  soft 
parts  down  to  the  bones. 

When  the  flap  has  been  raised  as  far  back  as  its  base,  the  foot  is 
grasped  across  the  dorsum,  depressed  forcibly,  and  a  dorsal  incision 
marked  out  by  joining  the  two  ends  of  the  plantar  incision  across  the 
front  of  the  instep.  This  incision  should  only  have  a  very  slight  con- 
vexity downwards,  as  it  is  important  that  the  cicatrix  should  lie  upon 
the  dorsum  of  the  foot,  so  as  to  be  well  out  of  the  way  of  injurious 
pressure;  therefore  no  pronounced  dorsal  flap  must  be  cut.  At  the  first 
incision  the  skin  alone  is  divided,  and  when  this  has  retracted,  the 
remaining  soft  parts,  tendons,  &c.,  are  divided  down  to  the  bone  at  the 
level  of  the  edge  of  the  divided  and  retracted  skin. 

In  order  to  disarticulate,  the  tubercle  of  the  scaphoid  (navicular)  is 
identified,  and  the  point  of  the  knife  is  inserted  into  the  joint  immedi- 
ately behind  it.  As  the  two  joints  forming  the  medio-tarsal  articulation 
are  nearly  on  the  same  level,  disarticulation  can  usually  be  completed 
from  the  side  upon  which  it  was  begun;  if  not,  it  must  be  remembered 
that  the  level  of  the  calcaneo-cuboid  articulation  is  slightly  behind  that 
of  the  astragalo-scaphoid  (talo-navicular).  The  subsequent  steps  are 
similar  to  those  of  Lisfranc's  operation  (see  p.  283).  The  operation 
should  be  concluded  by  fixing  the  extensor  tendons  to  the  front  of  the 
bone  or  to  the  large  plantar  flap  by  any  form  of  suture  that  seems  most 
suitable  at  the  time. 

Some  surgeons  complete  the  operation  by  dividing  the  tendo 
Achillis;  this,  however,  can  only  be  of  temporary  benefit,  and  it  is 
hardly  worth  while  performing  it,  provided  that  due  care  be  taken  to 
obviate  pain  and  spasm  by  suturing  the  flaps  securely  and  avoiding 
undue  pressure  on  the  end  of  the  stump.  A  splint  should  be  employed 
similar  to  that  for  Lisfranc's  operation,  and  the  foot  should  be  put  up 
and  maintained  strictly  at  right  angles  to  the  leg.    A  large  pad  of  dress- 
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ing  may  be  put  beneath  the  front  of  the  stump  in  order  to  tilt  that  end 
of  the  foot  up,  and  several  stout  silkworm-gut  sutures  should  be  used  to 
keep  the  flap  in  position,  in  addition  to  a  continuous  suture  for  apposi- 
tion of  the  skin  edges. 

The  operation  gives  an  excellent  looking  stump,  and  does  not 
shorten  the  limb,  so  that  the  immediate  result  is  all  that  could  be  desired. 
In  a  short  time,  however,  tilting  of  the  stump  occurs,  and  with  it  comes 
pain  and  irritation  of  the  scar. 

Tripier's  operation.  There  is  a  modification  of  this  operation  that 
goes  by  the  name  of  Tripier,  which  consists  in  removing  the  lower  half 
of  the  OS  calcis  (calcaneus),  in  addition  to  amputating  at  the  medio- 
tarsal  joint.  There  does  not  seem  to  be  any  practical  advantage  in  this 
operation  that  is  not  to  be  found  in  other  and  better  operations.  Its 
chief  object  seems  to  be  to  provide  horizontal  under-surface  to  the  os 
calcis  (calcaneus)  instead  of  an  oblique  one;  thus,  it  resembles  some- 
what a  sub-astragaloid  amputation,  which,  however,  has  the  great 
advantage  over  Tripier's  that  it  cannot  be  spoiled  by  the  baneful 
influence  of  the  tendo  Achillis.  The  difference  in  the  amount  of  shorten- 
ing after  Tripier's  operation  and  after  a  sub-astragaloid  amputation  is 
so  slight  as  to  be  negligible.  It  will  not  be  necessary  to  describe 
Tripier's  operation  in  detail. 

SUB-ASTRAGALOID  DISARTICULATIONS 

By  this  term  is  meant  an  amputation  that  removes  all  the  bones 
of  the  foot  below  the  astragalus,  leaving  that  bone  with  its  connexions 
to  the  tibio-fibular  arch  undisturbed.  Several  forms  of  this  operation 
have  been  suggested,  and  they  all  have  for  their  object  the  provision  of 
a  stump  calculated  to  bear  firm  pressure,  while  shortening  the  limb  less 
than  Syme's  amputation.  The  patient  walks  upon  the  part  of  the  sole 
that  he  normally  uses  for  locomotion,  and  bears  his  weight  upon  the 
whole  width  of  it  instead  of  upon  the  narrower  surface  furnished  by 
Syme's  amputation.  The  joint  between  the  astragalus  (talus)  and  the 
tibio-fibular  arch  is  retained  and  is  of  distinct  value.  Lastly,  there 
is  less  risk  of  damage  to  the  blood-supply  of  the  flap,  a  not  inconsid- 
erable advantage  to  those  performing  the  operation  for  the  first  time. 
The  stump  thus  provided  has  none  of  the  inconveniences,  such  as  tilting 
of  the  heel,  that  are  so  often  met  with  after  Chopart's  amputation.  The 
weight  is  borne  upon  the  under-surface  of  the  astragalus,  which  supports 
pressure  well.  In  order  to  leave  a  perfectly  level  surface  for  the  weight 
to  be  borne  upon,  some  surgeons  saw  the  astragalus  horizontally ;  but, 
although  theoretically  good,  this  does  not  offer  any  practical  advantage 
and  is  unnecessary,  especially  as  it  shortens  the  limb  and  prolongs  the 
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operation.  The  stump  is  an  excellent  one,  and  is  easy  to  fit  with  an  arti- 
ficial foot.  The  operation  is  becoming  more  popular  than  it  was,  but  it 
still  is  not  practised  as  often  as  its  great  merits  entitle  it  to  be.  The 
steps  of  the  operation  are  a  little  difficult  to  remember  at  first,  but,  once 
mastered,  the  operation  will  be  favourably  viewed  by  any  one  who  prac- 
tises it.  Various  modifications  of  the  operations  are  given  in  the  fol- 
lowing pages,  but  the  form  that  gives  the  best  results  on  the  whole,  and 
the  one  that  should  be  employed  whenever  the  condition  of  the  soft  parts 
allows,  is  that  associated  with  the  name  of  Farabeuf.    In  order  to  per- 


FiG.  102.    Incisions  for  Farabeuf's  Sub-asthagaloid  Disabticulaiion. 

form  it  safely  the  tissues  of  the  foot  must  be  sound  as  far  forward  as  the 
level  of  the  tarso-metatarsal  articulations.     It  is  done  as  follows: — 

Farabeuf's  operation.  The  limb  is  brought  over  the  end  of  the 
table,  raised  and  somewhat  inverted.  It  is  not  absolutely  essential  to 
apply  a  tourniquet  to  the  thigh,  but  it  is  wise  to  do  so,  as  bleeding  points 
are  difficult  to  pick  up  as  they  are  met  with.  The  surgeon  stands  facing 
the  sole  and  marks  out  a  large  internal  flap  by  an  incision  which  starts 
from  the  outer  margin  of  the  heel,  runs  parallel  to  the  outer  border  of 
the  foot,  a  finger's  breadth  below  the  tip  of  the  external  malleolus,  and 
is  carried  horizontally  forward  to  the  level  of  the  tuberosity  of  the  fifth 
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metatarsal;  it  then  curves  sharply  inwards  across  the  dorsum  just  in 
front  of  the  joint  between  the  scaphoid  and  the  three  cuneiform  bones 
until  the  tendon  of  the  extensor  hallucis  longus  is  reached.  The  object 
of  this  curve  in  the  flap  is  to  cover  the  neck  and  head  of  the  astragalus. 
From  the  extensor  hallucis  longus  tendon  the  incision  passes  across  the 
inner  border  of  the  foot,  with  a  well-marked  convexity  forwards, 
beneath  the  arch  of  the  instep  to  the  centre  of  the  sole.  From  this  point 
the  incision  slopes  gradually  back  to  the  outer  border  of  the  foot  close 
behind  the  tuberosity  of  the  fifth  metatarsal,  and  from  this  point  is  car- 
ried back  horizontally  just  above  the  outer  border  of  the  sole  to  the 
external  tuberosity  of  the  os  calcis,  where  it  curves  upwards  to  join  the 
commencement  of  the  incision  (see  Fig.  102).  These  two  incisions,  the 
horizontal  and  the  vertical  one,  meet  nearly  at  a  right  angle  near  the 
outer  border  of  the  tendo  Achillis,  just  at  its  insertion  into  the  os  calcis. 

Farabeuf  (Manuel  Operatoire,  1895,  p.  519)  gives  the  following 
practical  instructions  as  to  cutting  the  flaps,  which  may  be  reproduced  here 
with  advantage  in  view  of  the  great  practical  usefulness  of  the  operation. 
The  steps  vary  according  as  the  left  or  right  foot  is  to  be  operated  upon. 

Left  Foot.  The  front  of  the  foot  is  seized  in  the  left  hand,  depressed, 
and  rotated  inwards.  The  incision  is  then  begun  over  the  prominence 
of  the  tendon  of  the  extensor  hallucis  longus,  just  in  front  of  the  articu- 
lation of  the  scaphoid  with  the  cuneiform  bones.  The  incision,  which 
should  go  down  to  the  bone,  is  carried  transversely  outwards  from  this 
point  for  about  five  cm.  (two  inches)  in  the  direction  of  the  tuberosity 
of  the  fifth  metatarsal.  From  this  point  it  is  carried  backwards,  parallel 
with  the  outer  border  of  the  foot  and  passing  a  full  finger's  breadth 
beneath  the  external  malleolus  to  the  outer  border  of  the  tendo  Achillis 
just  at  its  insertion  into  the  os  calcis. 

The  assistant  now  raises  the  limb  so  that  the  sole  faces  the  operator. 
The  front  of  the  foot  is  raised  and  rotated  outwards  with  the  left  hand, 
and  the  knife  is  made  to  enter  the  commencement  of  the  dorsal  incision 
over  the  tendon  of  the  extensor  longus  hallucis.  From  this  point  the 
incision  is  brought  downwards  to  the  sole  with  a  slight  convexity  for- 
wards, so  that  it  crosses  the  inner  border  of  the  foot  just  beyond  the 
articulation  between  the  first  metatarsal  and  the  internal  (first)  cunei- 
form. Thence  the  knife  is  drawn  transversely  across  the  sole  to  about 
its  mid-point  (see  Fig.  103),  and  is  then  curved  backwards  to  the  outer 
border  of  the  foot,  which  it  follows  backwards  as  far  as  the  outer 
tuberosity  of  the  os  calcis,  being  finally  carried  upwards  behind  the  heel 
to  the  outer  border  of  the  tendo  Achillis  to  join  the  posterior  end  of  the 
first  incision.  In  doing  this,  the  foot  has  to  be  raised  considerably.  The 
incision  is  carried  down  to  the  bone  throughout,  and  is  best  made  with  a 
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short  stout  knife  having  a  cutting  blade  of  not  more  than  two  or  three 
inches,  so  as  to  diminish  the  chance  of  the  knife  shpping. 


Fig.  103.  Cutting  the  Plantar  Portion  of  the  Incision  on  the  Left  Foot 
IN  Farabeuf's  Sub-astragaloid  Disarticulation.  The  figure  shows  how  the 
foot  is  grasped  in  the  surgeon's  left  hand  and  is  rotated  over  towards  his  right  so 
as  to  make  the  inner  aspect  of  the  foot  accessible  to  the  knife. 

In  order  to  perform  disarticulation  in  the  easiest  manner,  the 
assistant  bends  the  knee  at  right  angles  and  rotates  the  foot  forcibly 
inwards,  at  the  same  time  fixing  the  lower  end  of  the  leg  firmly  upon 
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the  table.  The  upper  part  of  the  incision  is  now  deepened  down  to  the 
bone  throughout,  so  as  to  divide  all  the  tendons,  and  the  short  upper  and 
outer  flap  is  raised,  cutting  close  to  the  bone  throughout.  This  exposes 
the  head  of  the  astragalus,  which  is  made  more  prominent  by  pressing 
the  front  of  the  foot  downwards,  and  the  articulation  between  the 


Fig.  104.  Separating  the  Os  Calcis  from  the  Astragalus  in  Farabeuf's 
SuB-ASTRAGALOiD  DISARTICULATION.  The  knife  is  being  drawn  from  left  to  right ; 
it  has  divided  the  interosseous  ligament  between  the  os  calcis  and  the  astragalus 
and  is  proceeding  to  divide  the  tendo  Achillis  at  the  extreme  right. 


scaphoid  and  the  astragalus  can  be  opened  by  a  few  touches  of  the  knife. 
The  point  of  the  knife  is  now  introduced  beneath  the  head  of  the 
astragalus,  and,  cutting  backwards,  divides  the  interosseous  ligament,  a 
manoeuvre  that  is  aided  by  pressing  firmly  upon  the  outer  surface  of  the 
OS  calcis.  When  the  interosseous  ligament  has  been  divided,  the  parts 
become  more  accessible,  and  the  foot  is  bent  still  further  downwards,  so 
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that  the  upper  surface  of  the  os  calcis  faces  the  operator.  The  knife  is 
carried  back,  and,  after  dividing  the  remainder  of  the  calcaneo-astragaloid 
(talo-calcaneal)  ligaments,  reaches  the  tendo  Achillis,  which  is  divided 
just  above  its  insertion  (see  Fig.  104), 


Fig.  105.  The  Final  Stages  of  Clearing  the  Os  Calcis  in  Farabeuf's 
SuB-ASTRAGALOiD  DISARTICULATION.  The  OS  calcis  and  front  of  the  foot  are 
rotated  so  that  the  upper  articular  surface  looks  directly  towards  the  operator 
and  the  inner  surface  looks  vertically  upwards.  The  structures  have  been  turned 
out  from  beneath  the  sustentaculum  tali  and  the  knife  is  completing  the  removal 
of  the  foot  by  a  few  touches  at  the  back  of  the  os  calcis. 

The  more  difficult  part  of  the  operation  is  now  undertaken,  viz. 
separating  the  large  internal  flap  from  the  inner  side  of  the  foot,  as  the 
irregular  surface  presented  by  the  tuberosity  of  the  scaphoid,  the  susten- 
taculum tali,  and  the  hollow  of  the  os  calcis  exposes  the  vessels  and 
nerves  which  lie  in  close  contact  with  them  to  some  risk  of  damage. 
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Only  the  point  of  the  knife  should  be  used,  and  it  is  important  to  keep 
the  foot  horizontal,  and  to  cut  as  close  to  the  bone  as  possible.  As  the 
foot  is  freed  it  is  pulled  forwards  horizontally  from  the  leg.  The  first 
step  is  to  divide  the  tibialis  posticus  from  the  scaphoid,  and  then,  passing 
backwards,  to  cut  the  fibres  of  the  internal  lateral  Hgament  attached  to 
-  that  bone  and  to  the  sustentaculum  tali ;  this  must  be  done  with  the  point 
of  the  knife,  and  great  care  must  be  taken  not  to  cut  deeply  into  the 
flap  beyond.  The  knife  is  then  held  very  obliquely  so  as  to  be  parallel 
to  the  course  of  the  plantar  vessels,  and,  with  the  cutting  edge  closely 
applied  to  the  bone  throughout,  it  is  swept  along  the  wound,  from  before 
teckwards,  until  it  is  behind  the  os  calcis.  This  is  done  several  times, 
and,  when  the  sustentaculum  tali  has  been  laid  bare,  the  structures  in 
the  groove  beneath  it  are  turned  out  carefully,  and  finally  the  muscles 
attached  to  the  tuberosity  of  the  os  calcis  are  divided.  The  division  of 
the  tendo  Achillis  is  completed,  and  the  foot  is  rotated  more  and  more 
outwards  around  its  antero-posterior  axis  until  the  outer  border  of  the 
OS  calcis  IS  cleared,  and  the  flap  is  freed  (see  Fig.  105). 

Right  Foot,  The'  front  of  the  foot  is  seized  with  the  left  hand, 
depressed  and  the  limb  rotated  inwards.  The  incision  is  commenced  over 
the  outer  border  of  the  tendo  AchilHs,  and  carried  horizontally  forwards 
a  finger's  breadth  below  the  external  malleolus  as  far  as  the  level  of  the 
tuberosity  of  the  fifth  metatarsal,  when  it  is  curved  inwards  almost 
transversely  across  the  front  of  the  instep  to  the  tendon  of  the  extensor 
hallucis  longus.  The  foot  is  now  rotated  outwards,  and  the  dorsal  inci- 
sion is  continued,  with  a  convexity  forwards,  across  the  inner  side  of  the 
foot,  which  it  crosses  about  its  centre.  The  assistant  then  raises  the  limb, 
the  surgeon  pushes  up  the  front  of  the  foot  and  the  incision  is  carried 
across  to  the  centre  of  the  sole,  whence  it  is  curved  back  to  the  outer  bor- 
der, which  it  follows  to  the  external  tuberosity  of  the  os  calcis,  where  it  is 
curved  upwards  to  meet  the  commencement  of  the  incision.  I  have  always 
found  it  more  convenient  to  trace  out  the  last  part  of  this  incision  in  the 
reverse  direction,  i.e.  from  the  outer  tuberosity  of  the  os  calcis  along  the 
outer  border  of  the  foot,  after  rotating  the  foot  inwards  again. 

The  position  for  disarticulation  is  the  same  as  in  the  preceding  case, 
that  is  to  say  the  knee  is  flexed  to  a  right  angle  and  rotated  fully  inwards 
and  the  assistant  fixes  the  lower  end  of  the  tibia  and  fibula  firmly  on  the 
table  so  that  the  outer  border  of  the  foot  is  horizontal.  The  calcaneo- 
astragaloid  articulation  is  opened  from  behind  forwards  and  the  inter- 
osseous ligament  divided.  This  is  rather  more  difficult  than  on  the 
opposite  side,  but  firm  pressure  on  the  outer  border  of  the  foot  will  give 
room  enough  to  allow  the  point  of  the  knife  to  efi^ect  the  division.  The 
remainder  of  the  operation  is  similar  to  that  on  the  opposite  side,  except 
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that  the  incision  here  has  to  be  carried  from  behind  forwards,  namely, 
from  the  insertion  of  the  tendo  Achillis  to  the  astragalo-scaphoid  joint. 
The  same  care  must  be  taken  of  the  structures  beneath  the  sustenta- 
culum tali. 

After  the  operation  any  tendons  showing  in  the  flap  are  cut  short, 
especially  that  of  the  tibialis  posticus  (posterior)  (see  Fig.  ro6).  The 
posterior  tibial  nerve  is  similarly  treated;  in  doing  this,  care  must  be 
taken  not  to  damage  the  corresponding  artery.  Few  vessels  of  importance 
require  ligature;  they  are  the  dorsalis  pedis  and  the  two  plantar  arteries. 


Fig.  io6.  The  Appearanik  of  the  Flaps  after  Farabeof's  Sub-astbaga- 
LoiD  Disarticulation.  The  inferior  articular  surfaces  of  the  astragaloid  are 
well  seen,  as  is  the  tendon  of  the  tibialis  posticus;  the  cavity  out  of  which  the 
posterior  part  of  the  os  calcis  has  been  dissected  also  shows  well. 

When  the  flaps  are  brought  together  (see  Fig.  107)  they  will  cover 
the  head  of  the  astragalus  satisfactorily,  if  attention  has  been  paid  to 
the  instructions  given  above.  The  tendency,  however,  is  to  carry  the 
incision  across  the  inner  side  of  the  foot  too  obliquely  backwards,  and 
this  may  interfere  with  the  proper  covering  of  the  head  of  the  astragalus. 
If  the  flaps  cannot  be  made  to  meet,  it  will  be  necessary  to  cut  down  the 
head  of  that  bone  until  the  flaps  cover  it  satisfactorily.  Farabeuf 
advises  that  the  extensor  tendons  should  be  sutured  to  the  flap,  but  this 
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is  not  a  point  of  great  importance.  Good  drainage  is  necessary,  and 
may  be  effected  by  making  a  button-hole  on  the  posterior  aspect  of  the 
stump,  and  inserting  a  drainage-tube  about  the  size  of  the  little  finger. 
This  drains  the  large  cavity  left  by  the  os  calcis;  a  good  result  can  be 
obtained,  however,  by  a  large  tube  inserted  in  the  posterior  end  of  the 
incision.  The  flaps  are  coapted  by  six  or  eight  stout  silkworm-gut 
sutures  inserted  deeply  through  the  tissues,  and  reinforced  by  a  con- 
tinuous suture  of  fairly  stout  silk  or  silkworm-gut. 

An  ordinary  stump  bandage  should  be  applied,  and  fairly  firm 
pressure  exerted  over  the  end  of  it  so  as  to  obliterate  the  cavity  made  by 
the  flaps.    Farabeuf  recommends  that  the  knee  should  be  bent,  and  the 


Fig.  107.  Stump  left  aptee  Fafabeuf's  Sub-astragaloid  Disarticulation. 
In  this  instance  the  drainage  tube  has  been  inserted  in  the  posterior  end  of  the 
wound.  For  drainage  in  fat  subjects  it  is  certainly  better  to  puncture  the  cavity 
left  by  the  removal  of  the  os  calcis  at  its  most  dependent  spot. 

limb  laid  upon  its  outer  side.  If  this  be  done,  the  limb  should  be  immo- 
bilized by  being  laid  between  sand-bags,  as  otherwise  painful  starlings 
of  the  stump  are  likely  to  occur.     No  splint  is  necessary. 

The  stump  should  be  dressed  at  the  end  of  three  days,  and  the 
drainage  tube  removed.  At  this  time  it  is  well  to  fasten  on  the  under 
dressings  with  collodion,  which  should  be  applied  as  shown  in  Fig.  108, 
so  as  to  press  the  flaps  firmly  together.  The  deep  sutures  should  remain 
undisturbed  for  a  fortnight  or  three  weeks,  unless  they  cause  irritation. 
The  superficial  continuous  suture  may  be  taken  out  on  the  tenth  day. 
The  flaps  are  supported  by  a  firm  bandage,  and  the  patient  may  begin 
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to  bear  pressure  upon  the  stump  in  about  a  month,  and  may  be  fitted  with 
an  artificial  foot  in  about  six  or  eight  weeks'  time. 

The  advantage  of  Farabeuf's  operation  lies  not  only  in  the  excellence 
of  the  resulting  stump,  an  example  of  which  is  seen  in  Fig.  107,  but  in 
the  ease  with  which  disarticulation  is  performed.  The  chief  difficulty 
for  a  beginner  is  to  remember  the  incision,  which,  however,  soon  dis- 
appears when  the  operation  has  been  practised  a  few  times  on  the  dead 
subject.  The  operation  can  be  done  rapidly  and  is  not  nearly  so  tedious 
as  a  Syme,  It  is  easier  to  perform  than  any  other  sub-astragaloid  dis- 
articulation with  which  I  am  acquainted,  and  it  should  therefore  be  made 
use  of  whenever  the  condition  of  the  soft  parts  permits.  It  may  happen, 
however,  that  the  tissues  on  the  inner  side  of  the  foot  are  not  sound 


Fig.  108.  Method  of  applying  Dressing  to  the  Stump  of  Farabeuf's 
Sub-astragaloid  Disarticulation.  I  f  the  dressing  be  first  applied  to  the  hinge- 
side  of  the  flap  and  brought  firmly  across  it  as  shown  in  the  drawing,  it  helps  to 
keep  the  flap  well  in  position. 

enough  to  warrant  it  being  done  in  all  the  cases  in  which  a  sub- 
astragaloid  disarticulation  is  considered  desirable,  and  therefore  the 
reader  should  familiarize  himself  with  modifications  of  this  most  useful 
operation.    The  following  are  tlie  principal: — 

Nelaton's  operation.  The  incision  is  begun  near  the  posterior  end 
of  the  outer  surface  of  the  os  calcis  near  its  upper  border,  and  carried 
forward  a  finger's  breadth  below  the  external  malleolus  nearly  as  far  as 
the  tul>erosity  of  the  fifth  metatarsal  bone.  It  then  curves  across  the 
dorsum  of  the  foot  with  its  convexity  forwards  and  runs  somewhat 
backwards  to  the  tuberosity  of  the  scaphoid,  whence  it  is  carried  down- 
wards and  forwards,  crossing  the  inner  border  of  the  sole  on  a  level  with 
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the  fifth  metatarsal  bone,  and  is  finally  carried  right  across  the  sole  on 
that  level  so  as  to  form  a  plantar  flap  with  its  convexity  forwards.  When 
it  reaches  the  outer  border  of  the  foot  it  is  carried  back  to  its  starting- 
point  (see  Fig.  109).  The  resulting  flaps  form  a  compromise  between  an 
antero-posterior  flap  and  a  racket  amputation.  Disarticulation  is  effected 
from  the  outer  side,  but  is  much  hampered  by  the  want  of  room,  and  the 
incision  may  have  to  be  prolonged  backwards  over  the  tendo  Achillis. 

Roux's  operation.  This  operation  is  hardly  as  satisfactory  as  the 
others,  since  it  provides  less  suitable  covering  for  the  head  of  the 
astragalus.    It  commences  at  the  outer  tuberosity  of  the  os  calcis  and  is 


Fig.  109.    Incisions  for  Nelaton's  Sub-astragaloid  Disarticulation. 

carried  horizontally  forwards  to  the  level  of  the  base  of  the  fifth  meta- 
tarsal bone.  Thence  it  runs  across  the  instep  with  a  slight  convexity 
forwards  to  the  middle  of  the  inner  surface  of  the  internal  cuneiform. 
From  this  point  it  curves  backwards  across  the  sole  and  round  the  outer 
border  of  the  foot  to  its  point  of  origin. 

Racket  incision.  This  is  a  simple  and  fairly  satisfactory  method, 
but  the  dissection  required  during  disarticulation  is  more  tedious  than 
in  Farabeuf's  operation.  The  incision  is  carried  horizontally  forwards 
from  the  outer  border  of  the  insertion  of  the  tendo  Achillis,  a  full  inch 
below  the  external  malleolus,  to  the  level  of  the  prominence  of  the  fifth 
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metatarsal  bone.  Thence  it  is  carried  across  the  instep  with  a  slight  con- 
vexity forwards  and  crosses  the  inner  border  of  the  foot  on  a  level  with 
the  articulation  between  the  first  metatarsal  and  the  internal  cuneiform 
bones.  It  then  traverses  the  sole  with  a  slight  convexity  forwards,  and 
is  carried  back  to  join  the  horizontal  incision  about  one  inch  behind  the 
base  of  the  fifth  metatarsal  (see  Fig.  no).    . 

This  incision  facilitates  the  division  of  the  tendo  Achillis,  but  the 
flaps  have  to  be  raised  very  freely  before  disarticulation  can  be  under- 


FiG.  no.    Racket  Incisions  for  Sub-astragaloid  Disarticulation. 

taken,  owing  to  the  less  free  exposure  of  the  parts.  The  important 
structures  on  the  inner  aspect  of  the  foot  are  in  greater  danger  of  being 
wounded  than  in  Farabeuf's  method. 

DISARTICULATION  AT  THE  ANKLE-JOINT 

Sjmie's  amputation.  The  most  useful  type  of  this  form  of 
amputation  is  that  known  as  Syme's,  in  which  the  amputation  is  done 
by  means  of  a  large  heel  flap.  The  operation  is  not  a  true  disarticula- 
tion, inasmuch  as  the  two  malleoli  are  removed  at  the  same  time  in  order 
to  obtain  a  level  surface  upon  which  the  patient  may  bear  his  weight. 

Indications,     (i)  The  operation  is  an  excellent  one  for  an  injury  in 
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which  the  soft  parts  of  the  foot  are  damaged  so  far  back  that  the  sub- 
astragaloid  disarticulation  is  not  feasible. 

(ii)  For  disease  it  will  be  rarely  resorted  to,  the  only  affection  for 
which  it  is  likely  to  be  really  successful  being  a  growth  of  the  foot  not 
involving  the  skin.  In  cases  of  tuberculous  ankle-joint  disease  beyond 
the  reach  of  cure  by  arthrectomy,  the  mischief  will  almost  invariably 
have  spread  to  the  tendon  sheaths,  and  the  surgeon  will  be  better 
advised,  when  he  has  decided  that  the  disease  is  not  likely  to  be  cured 
by  a  careful  and  extensive  arthrectomy  accompanied  by  excision  of  the 
astragalus,  to  amputate  above  the  ankle-joint.  In  gangrene  of  the  lower 
extremity  the  defective  blood-supply  of  the  parts  about  the  ankle  will 
preclude  its  choice,  whilst  in  septic  infections  that  are  not  amenable  to 
free  incisions  and  drainage,  amputation  through  the  leg  will  probably 
also  be  the  wiser  course. 

(iii)  It  may  be  used  in  cases  of  inveterate  talipes  due  to  infantile 
paralysis  accompanied  by  trophic  disturbances  of  the  toes  and  front  part 
of  the  foot.  As  this  operation  shortens  the  limb  considerably  and  also 
provides  a  heel  flap  of  doubtful  vitality,  some  form  of  sub-astragaloid 
amputation  or  a  trans-calcaneal  operation  is  likely  to  prove  more  gen- 
erally useful  for  these  cases. 

Operation.  The  foot  is  made  to  project  well  beyond  the  table  and 
is  held  by  an  assistant  with  the  toes  pointing  directly  upwards  so  that 
the  sole  faces  the  operator;  the  foot  should  be  on  a  level  with  the  sur- 
geon's face  whether  he  be  sitting  or  standing.  It  is  usual  to  do  the 
operation  sitting  down,  when  the  plantar  flap  is  raised  from  below; 
when,  however,  the  flap  is  dissected  up  after  disarticulation  from  above, 
it  is  done  standing  up,  and  on  the  whole  it  is  better  to  perform  the 
operation  in  that  position.  The  surgeon  faces  the  sole  and  places  his  left 
thumb  and  index  finger  upon  the  two  ends  of  the  incision  for  the  heel 
flap,  which  extends  from  the  tip  of  the  external  malleolus  to  a  point 
about  half  an  inch  vertically  below  the  tip  of  the  internal  malleolus; 
when  doing  this  the  left  hand  is  placed  over  the  dorsum  of  the  foot.  In 
the  left  foot  the  incision  commences  on  the  outer  side,  whilst  in  the  right 
foot  it  commences  on  the  inner  side.  This  incision  runs  down  almost 
vertically  across  the  sole  (see  Fig.  iii);  in  ordinary  subjects  it  should 
have  a  slight  inclination  backwards  towards  the  point  of  the  heel,  but  a 
marked  one  in  those  in  whom  the  heel  is  large  and  prominent.  It  is  impor- 
tant to  see  that  the  foot  is  strictly  at  right  angles  to  the  leg  while  the 
incision  for  the  heel  flap  is  being  made.  If  this  precaution  be  neglected 
and  the  toes  be  depressed,  an  incision,  apparently  running  vertically 
downwards,  really  is  directed  obliquely  forwards  towards  the  toes,  and 
the  result  is  a  large  unwieldy  heel  flap  that  cannot  be  raised  satisfactorily. 
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The  incision  is  made  by  entering  the  point  of  the  knife  at  the 
starting-point  of  the  incision  and  carrying  it  down  to  the  bone  at  once. 
The  knife  is  then  drawn  across  the  sole  with  a  steady  sawing  move- 
ment, and  is  made  to  divide  all  the  soft  structures  right  down  to  the 


Incisions  for  Syme's  Disarticulation  at  the  Ankle-joint, 


OS  calcis  at  the  first  incision.  As  the  knife  nears  the  finishing  point  of 
the  incision,  great  care  must  be  taken  that  it  does  not  slip,  and  it  is  well 
to  use  the  special  knife  introduced  by  Syme,  and  known  as  Syme's  foot 
knife  (see  Fig.  112).  Unless  the  surgeon  be  very  expert  it  is  best  to 
trace  out  only  the  first  two-thirds  of  the  incision  and  then  to  re-introduce 


Fig.  112.    Syme's  Foot  Knife. 

the  knife  at  the  true  point  of  termination,  and  cut  downwards  until  the 
original  incision  is  joined.  A  slip  of  the  knife  when  terminating  the 
incision  is  especially  apt  to  be  disastrous  on  the  inner  side,  where  the  pos- 
terior tibial  vessels  may  lie  wounded  and  the  blood-supply  of  the  flap 
seriously  damaged. 

The  next  step  in  the  operation  as  recommended  by  Syme  is  to  raise 
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the  heel  flap  from  the  back  of  the  os  calcis  (calcaneus)  by  dissection; 
this  is  a  tedious  and  difficult  procedure,  and  the  operation  can  be  much 
simplified  by  disarticulating  from  the  front  and  dissecting  the  os  calcis 
out  of  the  flap  instead  of  dissecting  the  flap  oflf  the  os  calcis. 

Should  the  surgeon  desire  to  raise  the  heel  flap  by  dissection,  how- 
ever, he  proceeds  to  do  so  by  a  series  of  short  strokes,  cutting  steadily 
on  the  bone  and  using  only  the  point  and  the  terminal  half-inch  of  the 
blade  of  the  knife,  commencing  on  the  left-hand  side  of  the  limb  as  he 
faces  it  and  working  from  left  to  right.  As  the  flap  is  freed  it  is  forced 
back  by  the  left  thumb,  which  serves  to  protect  it  from  damage  by  the 
knife.  Particular  care  must  be  taken  to  avoid  damaging  the  posterior 
tibial  vessels  which  lie  in  close  proximity  to  the  incision  on  the  inner 
side.  As  soon  as  the  flap  has  been  freed  in  this  situation  it  is  a  good 
plan  to  insert  a  flat  retractor  between  the  vessels  and  the  bone,  and  to 
give  this  to  an  assistant,  who  thus  keeps  the  vessels  guarded  from  harm 
during  the  remainder  of  the  operation. 

The  flap  is  gradually  dissected  up  from  the  inferior  and  posterior 
surfaces  of  the  os  calcis  as  far  as  its  upper  border,  the  foot  being  raised 
by  an  assistant  during  the  process.  The  tendo  Achillis  is  not  cut  at  this 
stage.  It  is  practically  imperative  that  the  surgeon  should  sit  during  this 
very  tedious  part  of  the  operation,  but  when  the  flap  has  been  freed  he 
stands  up,  grasps  the  foot  in  his  left  hand  as  shown  in  Fig.  95,  and  joins 
the  two  extremities  of  his  first  incision  by  a  straight  cut  across  the  front 
of  the  ankle-joint,  dividing  the  skin  and  fascia  only.  Before  this 
incision  is  made,  the  line  of  the  ankle-joint  should  be  ascertained  by 
flexing  and  extending  the  limb,  as  otherwise  the  incision  may  be  too  low 
and  the  astragalo-scaphoid  (talo-navicular)  joint  may  be  opened  by 
mistake.  The  tendons  and  the  anterior  ligament  of  the  ankle-joint  are 
now  divided  on  a  level  with  the  edge  of  the  divided  skin,  and  then  the 
remaining  fibres  of  the  lateral  ligaments  are  divided  by  the  point  of  the 
knife,  which  should  be  inserted  beneath  them — namely,  between  them 
and  the  bone — and  made  to  cut  outwards.  The  heel  flap  is  held  back 
out  of  the  way  while  this  is  being  done.  Disarticulation  is  completed  by 
dividing  the  posterior  ligament  and  the  tendo  Achillis, 

A  much  less  tedious  method  is  to  make  the  dorsal  incision  immedi- 
ately after  the  plantar  and  to  effect  the  disarticulation  from  the  front. 
After  the  surgeon  has  made  the  dorsal  incision  with  the  precautions 
given  above,  he  divides  the  extensor  tendons  and  opens  the  ankle-joint. 
The  toes  are  now  depressed  and  the  lateral  ligaments  divided,  the 
internal  first,  by  inserting  the  point  of  the  knife  between  them  and  the 
bone  and  cutting  outwards.  As  the  ligaments  are  divided,  the  upper 
surface  of  the  astragalus  is  rendered  prominent  by  depressing  the  toes 
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forcibly,  and  the  knife  divides  the  posterior  ligament  of  the  ankle-joint 
and  the  tendo  Achillis,  and  dissects  the  back  part  of  the  os  calcis  out  of 
the  soft  parts  forming  the  heel.  This  dissection  must  be  done  with 
every  precaution  against  damaging  the  vessels  and  nerves  on  the  inner 
side  just  behind  the  junction  of  the  dorsal  with  the  plantar  flap.  There 
is  no  risk  of  wounding  these  structures  if  only  the  point  of  the  knife  be 
used  and  every  cut  be  made  directly  down  upon  the  bone.  The  most 
difficult  part  of  the  operation  is  dissecting  the  back  part  of  the  os  calcis 
out  of  the  heel,  owing  to  the  intimate  connexion  of  the  soft  parts  with 
the  underlying  bone.  It  is  facilitated  by  pushing  the  point  of  the  heel 
firmly  forward  with  the  first  two  fingers  of  the  left  hand,  which  grasps 
and  manipulates  the  foot  throughout  the  disarticulation. 

After  disarticulation,  the  soft  parts  are  dissected  up  for  a  short  dis- 
tance from  the  lower  end  of  the  tibio-fibular  arch  so  as  to  facilitate  the 
removal  of  the  malleoli.  The  soft  parts  need  only  be  detached  for 
about  a  quarter  of  an  inch  up  from  the  articular  edge,  but  care  must  be 
taken  to  see  that  the  heel  flap  is  not  doubled  upon  itself  and  button- 
holed while  this  is  being  done.  The  saw  is  applied  to  the  base  of  the 
malleoli  so  as  to  remove  them,  and  with  them  just  enough  of  the 
cartilage-covered  surface  of  the  tibia  to  furnish  a  horizontal  surface 
upon  which  the  patient's  weight  can  be  borne.  It  is  unnecessary  to 
remove  the  whole  of  the  cartilage  of  the  tibio-fibular  arch. 

The  final  steps  of  the  operation  are  ligature  of  the  vessels,  viz.  the 
dorsalis  pedis  in  the  front  flap  and  the  two  plantar  arteries  on  the  inner 
side  of  the  heel  flap,  and  the  removal  with  scissors  of  any  tendons  visible 
on  the  stump;  a  portion  of  the  posterior  tibial  nerve  should  also  be 
removed.  The  heel  flap  is  punctured  about  its  centre  and  a  small 
drainage  tube  is  inserted  through  it.  The  flap  is  then  secured  in  posi- 
tion by  four  stout  silkworm-gut  sutures  introduced  deeply  and  rein- 
forced by  a  continuous  stitch  for  the  coaptation  of  the  skin  edges.  The 
dressings  are  applied  first  along  the  back  of  the  leg  and  then  stretched 
across  the  end  of  the  stump  and  carried  up  along  the  front  of  the  leg 
so  as  to  press  the  flap  firmly  in  contact  with  the  lower  end  of  the  bones. 
The  method  of  dressing  and  after-treatment  are  practically  identical 
with  that  for  the  sub-astragaloid  disarticulation  (see  p.  303). 

Results.  The  stump  is  one  of  the  best  known  to  surgeons.  It  is 
firm  and  will  stand  any  reasonable  amount  of  pressure,  and  the  patient 
can  run  and  jump  without  difficulty.  He  can  generally  begin  to  bear 
pressure  on  it  in  about  six  weeks,  and  may  be  fitted  with  an  artificial  foot 
in  about  two  months  after  operation. 

Difficulties.  These  have  been  already  indicated  in  describing  the 
operation.     The  first  difficulty  is  planning  the  incisions  properly.     If 
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the  foot  be  pointed  and  the  fact  pass  unnoticed,  both  the  dorsal  and 
plantar  incisions  will  be  wrongly  placed,  the  former  being  over  the  neck 
of  the  astragalus,  whilst  the  latter  will  run  too  far  forward  and  will  make 
the  heel  flap  so  large  that  it  cannot  be  retracted  without  great  difficulty 
and  much  bruising.  On  no  account  should  the  incision  on  the  inner  side 
be  carried  behind  the  tip  of  the  internal  malleolus;  if  this  be  done,  the 
trunk  of  the  posterior  tibial  artery  will  almost  certainly  be  wounded. 

The  only  other  difficulties  occur  during  disarticulation  and  are  both 
avoided  by  keeping  the  knife  close  to  the  bone;  they  are  wounding  the 
vessels  in  the  inner  side  of  the  flap,  and  button-holing  the  skin  at  the 
back  of  the  heel  while  the  os  calcis  is  being  dissected  out.  During  this 
part  of  the  operation  the  foot  should  be  kept  pointing  straight  forward 
and  not  twisted  from  side  to  side  as  is  commonly  done;  any  lateral  dis- 
placement is  likely  to  end  in  button-holing  the  skin. 

When  the  soft  parts  over  the  back  of  the  heel  are  damaged,  it  will 
be  impossible  to  do  Syme's  amputation,  and  some  other  form  of  dis- 
articulation must  be  used.  Disarticulation  is  always  preferable  to  an 
amputation  through  the  lower  end  of  the  leg  if  it  can  be  done,  as  the 
ability  to  bear  his  full  weight  upon  the  stump  is  a  matter  of  great  con- 
sideration to  the  patient. 

There  are  two  useful  alternative  operations  to  Syme's  amputation. 
They  are  disarticulation  by  a  large  internal  flap,  and  that  known  as 
Roux's  operation,  which  is  by  means  of  a  postero-internal  flap.  The 
incisions  for  both  these  operations  are  really  only  modifications  of  those 
for  the  sub-astragaloid  amputations,  the  first  resembling  Farabeuf's,  the 
second  the  racket  method. 

Operation  by  a  large  internal  flap.  This  is  really  an  improve- 
ment by  Farabeuf  upon  the  internal  flap  method  of  Sedillot,  and  the 
incision  is  practically  identical  with  that  of  Farabeuf's  sub-astragaloid 
disarticulation,  except  that  it  is  not  carried  so  far  forward.  It  is  a  useful 
and  simple  method  and  is  not  so  tedious  to  perform  as  Syme's  ampu- 
tation, and  in  this  respect  is  undoubtedly  superior  to  it.  It  is,  more- 
over, hardly  at  all  inferior  to  Syme's  in  the  capability  of  the  stump  to 
bear  any  ordinary  amount  of  pressure.  The  flap  is  thick  and  well 
nourished  and  the  tendo  Achillis  is  adherent  to  it;  it  is  easier  to  raise 
than  the  flap  in  Syme's  amputation.  It  is  described  here  as  an  alterna- 
tive operation  to  Syme's  as  it  is  not  likely  to  be  suitable  for  cases  in 
which  it  is  essential  to  do  the  latter. 

Operation.  The  position  of  the  limb,  &c.,  is  the  same  as  for  the  sub- 
astragaloid  disarticulation  (see  p.  296).  On  the  left  footy  the  incision 
is  commenced  over  the  tendon  of  the  extensor  hallucis  longus,  just 
behind  the  tubercle  of  the  scaphoid,  and  is  carried  out  over  the  dorsum 
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for  about  two  inches,  when  it  curves  back  towards  the  external  malleolus, 
immediately  beneath  which  it  passes  horizontally  back  to  the  outer 
border  of  the  tendo  Achillis  near  its  insertion  into  the  os  calcis.  The 
knife  is  then  entered  again  over  the  tendon  of  the  extensor  hallucis 
longus,  and  carried  down  across  the  inner  border  of  the  foot  to  the 
centre  of  the  sole  on  a  level  with  the  articulation  between  the  scaphoid 
and  the  internal  cuneiform.  Thence  the  incision  curves  backwards  to  the 
outer  border  of  the  foot,  along  which  it  is  carried  as  far  as  the  back  of 
the  heel,  when  it  turns  upwards  to  join  the  first  incision  (see  Fig.  113). 


Fic,  113.    Disarticulation  at  the  Ankle  by  a  Postero- internal  Flap. 

The  foot  is  now  held  in  the  same  position  as  for  the  sub-astragaloid 
disarticulation  (see  p.  300)-  The  parts  in  the  dorsal  incision  are  divided 
down  to  the  bone,  and  the  upper  Up  of  the  incision  is  raised  until  the 
external  malleolus  is  seen  and  the  ankle-joint  is  rendered  accessible. 
The  external  lateral  ligament  is  divided  in  front  and  behind  it,  while 
the  foot  is  bent  downwards  so  as  to  open  up  the  joint  freely;  the  tendo 
Achillis  is  also  cut.  The  astragalus  is  forced  well  out  of  the  tibio- 
fibular arch,  and  the  internal  lateral  ligament  is  divided  from  the  inner 
side.  The  final  steps  of  the  operation  are  identical  with  those  of  the 
sub-astragaloid  amputation.  .After  disarticulation  the  malleoH  are 
cleared  and  sawn,  as  in  Syme's  amputation  (see  p.  310). 
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On  the  right  side  the  incision  commences  at  the  outer  border  of  the 
tendo  Achillis,  and  runs  parallel  to  the  outer  border  of  the  foot  and  just 
beneath  the  tip  of  the  external  malleolus  as  far  forward  as  the  mid-point 
between  the  malleolus  and  the  tip  of  the  fifth  metatarsal  bone,  when  it 
curves  inwards  across  the  dorsum  as  far  as  the  tendon  of  the  extensor 
hallucis  longus,  about  half  an  inch  behind  the  tubercle  of  the  scaphoid. 
The  foot  is  then  turned  over  to  the  left,  and  the  incision  is  carried  across 
the  inner  border  of  the  foot  with  a  slight  convexity  forwards  on  a  level 
with  the  articulation  between  the  scaphoid  and  the  cuneiform  bones. 
From  this  point  it  runs  to  the  centre  of  the  sole,  and  then  curves  back 
to  the  outer  border,  along  which  it  runs  as  far  as  the  external  tuberosity 
of  the  OS  calcis,  whence  it  is  carried  upwards  to  join  the  commencement 
of  the  first  incision. 

The  Racket  method  (large  postero-intemal  flap).    This  is 

the  operation  that  is  called  by  the  name  of  Roux.  The  incision  rups 
from  the  outer  border  of  the  tendo  Achillis  horizontally  forwards  about 
half  an  inch  below  the  external  malleolus  until  it  reaches  the  mid-point 
between  that  structure  and  the  base  of  the  fifth  metatarsal;  then  it 
curves  forwards  over  the  dorsum,  crosses  the  inner  side  of  the  foot  just 
in  front  of  the  tuberosity  of  the  scaphoid,  and  thence  runs  transversely 
across  the  sole  to  the  tuberosity  of  the  fifth  metatarsal.  From  this  point 
it  curves  gradually  backwards  to  join  the  commencement  of  the  first 
incision.  The  incision  goes  down  to  bone  throughout,  and  each  edge 
of  it  is  dissected  up  in  turn  as  far  back  as  possible;  it  is  more  difficult 
to  raise  the  flaps  sufficiently  from  the  lateral  surfaces  of  the  os  calcis 
in  this  operation  than  in  the  one  just  described.  After  the  flaps 
have  been  raised  as  far  as  possible,  the  ankle-joint  is  opened  from  the 
front  and  outer  side,  and  the  removal  of  the  foot  is  eflfected  by  a  pro- 
cedure similar  to  that  just  described  (vide  supra).  The  internal  lateral 
ligament  is  divided  from  its  inner  aspect,  and  the  edge  of  the  knife  is 
kept  closely  in  contact  with  the  bone  while  the  latter  is  being  dissected 
out  of  the  flap. 

A  tourniquet  round  the  middle  of  the  thigh  is  used  in  Syme's  and 
all  similar  operations. 

TRANS-CALCANEAL  AMPUTATIONS 

Pirogoff's  amputation.  The  only  important  objection  to  Syme's 
amputation  is  that  it  shortens  the  limb,  and  a  number  of  operations  have 
therefore  been  devised  with  the  object  of  retaining  some  portion  of  the 
OS  calcis,  which  is  subsequently  united  to  the  cut  surfaces  of  the  tibia 
and  fibula,  thereby  reducing  the  shortening  to  a  minimum ;  at  the  same 
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time  this  allows  the  patient  to  bear  his  weight  upon  the  part  of  the  heel 
that  is  intended  to  support  it  in  the  natural  state.  In  the  pre-antiseptic 
days  Pirogoff's  operation  was  strongly  recommended  in  preference  to 
Syme's  because  of  the  risk  of  septic  infection  followed  by  sloughing  of 
the  flap  that  so  often  accompanied  the  latter.  Such  an  accident  was 
very  serious  owing  to  bruising  of  the  flap  while  it  was  being  raised, 
the  narrowness  of  its  base,  its  indifferent  blood-supply,  and  the  cavity 
left  in  the  stump  in  which  the  discharges  collected.  These  risks,  how- 
ever, have  no  weight  at  the  present  day,  and  as  the  shortening  of  the 
limb  after  Syme's  amputation  is  of  little  consequence  when  compared 


Fig,  114.    Incisions  for  PiROCopr's  Amputation. 

with  the  excellence  of  the  stump  it  provides,  and  as  experience  shows 
that  the  functional  results  of  Pirogoff's  amputation  are  not  nearly  so 
uniformly  good  as  those  after  Syme's,  the  former  operation  has  fallen 
steadily  into  disuse,  and  it  is  now  rather  a  dissecting-room  exercise 
than  an  operation  of  actual  practice.  It  requires  an  exceptionally  neat 
piece  of  carpentry  to  cut  the  bone  surfaces  so  as  to  make  sure  that  the 
patient  shall  bear  his  weight  upon  the  tuberosities  of  the  os  calcis  when 
the  cut  surfaces  are  put  in  apposition,  and,  even  if  the  section  has  been 
accurately  made,  it  is  not  always  possible  to  secure  bony  union;  if  this 
fails,  severe  neuralgia  and  a  painful  stump  are  likely  to  occur.  More- 
over, neither   Pirogoff's  amputation  nor  any  of  its  modifications  is 
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suitable  for  cases  of  tuberculous  disease,  as  recurrence  would  almost 
certainly  take  place. 

Operation.  The  position  of  the  limb  is  similar  to  that  in  Syme's 
amputation,  and  a  tourniquet  is  applied  to  the  thigh  about  its  centre. 
The  incisions  also  are  similar,  except  that  the  one  crossing  the  sole  is 
directed  forwards  towards  the  toes  instead  of  vertically  down  in  the 
continuation  of  the  long  axis  of  the  leg.  The  soft  parts  are  incised  down 
to  the  bone  and  the  heel  flap  is  dissected  up  for  an  inch  and  the  skin 
allowed  to  retract.  The  joint  is  opened  from  the  front  by  the  incision 
across  the  dorsum  (see  Fig,  114),  and  the  lateral  ligaments  are  divided, 
the  front  of  the  foot  being  firmly  depressed  until  the  astragalus  pro- 
trudes from  beneath  the  tibio-fibular  arch,  and  the  upper  surface  of  the 
OS  calcis  behind  it  is  brought  into  view. 


Fig.  115.  Lines  of  Bone  Section  in  Pirogoff's  Amputation.  It  will  be 
seen  that  the  two  incisions  through  the  bone  are  nearly  parallel.  The  dotted 
lines  represent  the  skin  incision,  and  the  shaded  portion  denotes  the  bones  and 
soft  parts  that  are  removed  in  the  amputation. 

The  saw  is  applied  to  the  os  calcis  immediately  behind  the  posterior 
articular  surface,  and  the  bone  is  divided  from  behind  obliquely  for- 
wards and  downwards  along  the  line  of  the  plantar  incision  through  the 
soft  parts.  After  the  foot  has  been  removed  thus,  the  malleoli'  are 
cleared,  and  the  lower  end  of  the  tibio-fibular  arch  is  sawn  through  from 
the  front  obliquely  upwards  and  backwards  in  a  direction  nearly  par- 
allel to  the  saw  cut  in  the  os  calcis.  Unless  the  two  incisions  are  almost 
parallel  the  two  bony  surfaces  will  not  fit  accurately  (see  Fig.  115). 

The  cut  surface  of  the  os  calcis  is  now  applied  to  the  cut  surfaces  of 
the  tibia  and  fibula,  and  is  kept  in  position  either  by  a  few  stout  sutures 
going  through  the  periosteum  of  the  two  adjacent  bony  surfaces,  or, 
if  preferred,  by  mechanical  means  such  as  wires,  pegs,  tacks,  or  screws. 
No  drainage  tube  is  required,  and  the  dressings  are  applied  as  in 


3i6  AMPUTATIONS 

Syme's  amputation.    The  position  of  the  posterior  part  of  the  os  calcis 
in  a  properly  performed  amputation  is  shown  in  Fig.  Ii6. 

Other  trans-calcaneal  operations.     Numerous  modifications  of  this 


Fig,  ii6.  The  Stump  after  Pirogoff's  Amputation.  The  dotted  lines  show 
the  position  of  the  bones  after  they  are  united.  If  this  be  compared  with  the 
preceding  figure  it  will  be  seen  that  the  patient  walks  nearly  upon  the  same  portion 
of  the  heel  as  before  the  operation. 

operation  have  been  devised  with  the  object  of  replacing  Pirogoff's 
oblique  section  through  the  os  calcis  by  a  horizontal  or  a  vertical  one. 
The  latter  is  a  very  bad  plan  and  needs  no  further  description ;  after  the 


Fig.  117.  Le  Forts  Amputation.  The  thick  dark  lines  a  and  b  denote  the 
lines  of  bone  section;  the  shaded  portions  are  the  parts  of  the  fool  removed  in 
the  amputation. 

Operation  the  patient  would  walk  on  the  posterior  surface  of  the  os 
calcis.  which  is  not  calculated  to  bear  weight  and  is  likely  to  give  rise 
to  trouble. 

Le  Fort's  operation.  The  best  known  trans-calcaneal  amputation 
with  horizontal  division  of  the  os  calcis  is  the  one  that  goes  by  the  name 
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of  Le  Fort;  the  line  of  bone  section  runs  horizontally  below  the  susten- 
taculum tali  (see  Fig.  117).  Although  theoretically  this  is  a  good 
operation,  inasmuch  as  it  does  not  oblige  the  surgeon  to  make  an  oblique 
bone  section  through  both  os  calcis  and  tibia  and  fibula,  and  inasmuch 
also  as  it  gives  a  wide  bone  surface  for  union,  yet  it  is  difficult  to  per- 
form, and  offers  no  points  of  importance  justifying  its  description  here. 
Gordon  IVatson's  modification.  Mr.  C.  Gordon  Watson  showed  at 
the  Clinical  Society  on  April  24,  1907,  two  cases  on  which  he  had  per- 
formed a  trans-calcaneal  amputation  of  the  foot,  which  is  a  considerable 
improvement  upon   Pirogoff's  amputation  and  an  advance  upon  that 


Fig.  118.    Incisions  for  Gordon  Watson's  Amputation. 


practised  by  Le  Fort.  It  provides  the  patient  with  a  sound  stump  capable 
of  bearing  his  full  weight,  while  the  shortening  of  the  limb  is  reduced  to 
a  minimum.  Moreover,  the  weight  of  the  limb  is  borne  upon  the  heel  in 
its  normal  position — a  result  that  cannot  aiways  be  obtained  in  Pirogoff's 
amputation.  Le  Fort's  operation  aims  at  the  same  results,  but  it  is 
easier  to  obtain  them  by  Mr.  Gordon  Watson's  amputation,  and  in  the 
latter  operation  there  is  also  less  bone  removed  than  in  Le  Fort's. 

The  operation  is  done  as  follows: — A  dorsal  flap,  extending  from 
a  point  half  an  inch  below  and  behind  the  tip  of  the  internal  malleolus 
to  the  tip  of  the  external  malleolus,  is  made  by  a  bold  downward  sweep 
an  inch  and  a  half  below  the  line  joining  the  tips  of  the  two  malleoli 


3i8  AMPUTATIONS 

across  the  dorsum  (see  Fig,  1 18).  The  plantar  flap  is  marked  out  by  an 
incision  through  the  skin  only,  extending  from  one  extremity  of  the 
dorsal  flap  downwards  and  forwards  to  half  an  inch  in  front  of  the 
prominence  of  the  scaphoid  on  the  inner  side,  or  half  an  inch  in  front 
of  the  base  of  the  fifth  metatarsal  on  the  outer  side,  and  transversely 
across  the  sole  of  the  foot  between  these  two  points. 

The  dorsal  flap  is  dissected  up,  the  soft  parts  are  divided,  and  the 
ankle-joint  is  opened  from  the  front  as  in  doing  PirogofT's  amputation. 
The  foot  is  now  firmly  depressed,  and  the  attachments  of  the  internal 
lateral  ligament  to  the  astragalus  are  divided  with  the  point  of  the 
knife,  and  the  anterior  fasciculi  of  the  external  ligament  are  similarly 


Fig.  119.  GoBDON  Watson's  Tranb-calcaneal  Amputation.  The  thick 
black  line  a-a  is  the  section  of  the  os  cakis  corresponding  roughly  to  the  articular 
surfaces.  The  dotted  line  h  is  intended  to  denote  the  level  at  which  the  articular 
cartilage  is  removed  from  the  under  surface  of  the  tibio-fibular  arch.  The  shaded 
portions  are  the  parts  removed. 

treated.  The  foot  is  next  inverted  forcibly  and  the  point  of  the  knife  is 
passed  between  the  os  calcis  and  the  astragalus,  and  divides  the  interos- 
seous ligament  and  also  opens  the  astragalo-scaphoid  joint,  and  frees  the 
head  of  the  astragalus  from  the  scaphoid.  This  enables  the  astragalus 
to  be  seized  in  lion  forceps  and  twisted  so  as  to  put  on  the  stretch  the 
posterior  fasciculus  of  the  external  lateral  ligament  and  the  posterior 
ligament,  both  of  which  are  divided;  the  astragalus  is  then  removed. 

The  only  thing  that  now  prevents  the  os  calcis  from  being  brought 
up  into  contact  with  the  under  surface  of  the  tibia  is  the  projecting  sus- 
tentaculum tali,  which  comes  into  contact  with  the  internal  malleolus. 
The  former  structure  is  cut  away  freely  with  a  chisel  or  gouge  until  the 
upper  surface  of  the  os  calcis  lies  close  against  the  under  surface  of 
the  tibio-fibular  arch,  and  the  next  step  is  to  dear  the  articular  surfaces 
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of  the  OS  calcis,  tibia,  and  fibula  of  cartilage  with  a  gouge  or  chisel. 
The  surfaces  are  so  fashioned  that  the  bony  surfaces  fit  accurately  when 
the  foot  is  at  right  angles  to  the  leg  (see  Fig.  119). 

Up  to  this  point  the  connexions  of  the  front  of  the  foot  with  the 
OS  calcis  have  been  left  undisturbed,  so  as  to  facilitate  manipulation,  but 
the  operation  is  now  completed  by  opening  the  calcaneo-cuboid  articu- 
lation and  separating  the  foot  by  cutting  obliquely  through  the  soft  tis- 
sues of  the  sole  from  above  downwards  to  the  margin  of  the  plantar  flap 
already  marked  out.  Usually  about  half  an  inch  of  the  anterior  and  of 
the  OS  calcis  is  removed  with  a  chisel,  and  this  bone  is  brought  up 
into  apposition  with  the  raw  surfaces  of  the  tibia  and  fibula,  and  fixed 
there  by  some  suitable  means,  such  as  a  long  pin  traversing  the  whole 
thickness  of  the  os  calcis  and  left  projecting  through  the  skin,  to  be 
removed  when  union  has  taken  place.  Any  other  means  of  fixation  may 
of  course  be  made  use  of. 

In  Mr.  Gordon  Watson's  cases  the  amputation  was  done  for  severe 
long-standing  talipes  equinus  due  to  infantile  paralysis,  and  consequently 
it  was  impossible  to  bring  the  os  calcis  into  position  at  right  angles  to 
the  leg  without  dividing  the  tendo  Achillis  and  the  contracted  tissues 
around  it.  When  the  flaps  are  brought  together,  the  long  plantar  flap 
folds  up  over  the  anterior  end  of  the  os  calcis,  and  the  cicatrix  is  drawn 
up  slightly  upon  the  dorsal  surface  where  it  is  out  of  reach  of  pressure. 

The  flaps  are  sutured  in  the  ordinary  way,  and  it  is  a  good  plan  to 
put  the  limb  up  in  plaster  for  a  fortnight,  when  the  stitches  and  the 
pins,  if  they  are  projecting  as  described  above,  may  be  removed.  The 
plaster  is  then  re-applied  and  kept  on  until  firm  bony  union  has  occurred, 
the  patient  meanwhile  walking  upon  the  bent  knee  on  a  peg-leg.  Neither 
of  Mr.  Gordon  Watson's  patients  was  allowed  to  put  the  foot  to  the 
ground  for  three  months,  but  so  long  a  period  of  rest  will  probably  not 
be  necessary  when  the  nutrition  of  the  parts  is  good. 

The  resulting  stumps  were  excellent  in  all  respects;  the  patients  could 
walk,  run,  and  jump  upon  them  without  the  least  inconvenience.  The 
operation  certainly  deserves  an  extended  trial. 


CHAPTER  VII 
AMPUTATIONS  OF  THE  LEG  AND  KNEE 

AMPUTATIONS  THROUGH  THE  LEG 

Whereas  formerly  it  was  the  custom  not  to  amputate  between  the 
lower  end  of  the  tibia  and  *  the  seat  of  election  * — ^viz.  a  hand's  breadth 
below  the  top  of  the  tibia — it  is  now  the  custom  to  apply  to  the  leg  the 
same  rule  as  to  the  arm,  and  to  amputate  as  low  down  the  limb  as  the 
condition  of  the  parts  permit.  There  are  many  reasons  why  this  should 
be  so.  The  lower  the  amputation  is  practised,  the  less  are  the  risks, 
immediate  and  remote,  that  the  patient  runs,  and  the  longer  the  leverage 
below  the  knee  the  more  useful  is  the  artificial  limb;  provided  therefore 
that  the  latter  can  be  fitted  so  as  to  cause  neither  pressure  upon  the  end 
of  the  stump  nor  undue  friction  upon  its  anterior  surface,  the  surgeon 
should  amputate  as  low  down  the  limb  as  possible. 

There  are  cases,  however,  in  which  it  is  still  preferable  to  amputate 
at  *  the  seat  of  election  *.  As  its  name  implies,  this  is  the  spot  at  which 
the  surgeon,  with  the  whole  length  of  the  limb  at  his  disposal  for  an 
amputation,  elected  to  do  the  operation,  and  his  preference  for  this  par- 
ticular spot  was  largely  due  to  the  manufacture  of  artificial  limbs 
being  so  unsatisfactory  that  the  patient  always  had  to  bear  his  weight 
upon  the  bent  knee;  it  was  therefore  an  advantage  that  the  portion  of 
the  limb  remaining  below  the  knee-joint  should  be  as  short  as  possible, 
so  as  to  prevent  an  unsightly  projection  from  the  artificial  limb. 
Another  reason  for  choosing  this  spot  was  that  the  blood-supply  to  the 
flaps  was  ample,  and  therefore  there  was  less  chance  of  sloughing  if 
sepsis  supervened.  At  the  present  day  it  is  better  to  amputate  at  *  the 
seat  of  election  '  for  labouring  men  and  all  those  who  have  to  follow 
laborious  occupations  and  are  unable  to  afford  a  well-fitting  artificial 
limb.  In  such  cases  a  peg-leg  allows  them  to  follow  their  employment, 
and  the  stump  is  little  likely  to  be  exposed  to  injury  even  under  the 
most  adverse  conditions. 

The  performance  of  an  amputation  through  the  leg  is  accompanied 
by  certain  difficulties,  largely  attributable  to  the  anatomical  conforma- 
tion of  the  parts.  The  flaps  must  be  planned  so  that  the  cicatrix  does 
not  fall  over  the  end  of  the  bones,  for,  although  the  pressure  is  only 
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rarely  borne  directly  upon  the  end  of  the  stump  in  the  artificial  limb,  yet 
the  bone  has  a  constant  tendency  to  be  pressed  down  against  the  end 
of  the  stump,  and  a  painful  'and  adherent  cicatrix  is  likely  to  occur 
should  the  latter  be  terminal.  Again,  the  sharp  subcutaneous  border  of 
the  tibia  may  give  rise  to  irritation  from  pressure  against  the  artificial 
limb,  and  must  therefore  always  be  bevelled  off  so  as  to  avoid  this. 
The  tapering  contour  of  the  limb  makes  it  important  to  exercise  much 
care  in  cutting  the  flaps,  as  a  conical  stump  due  to  short  flaps  is  a  dire 
misfortune  in  the  lower  extremity.  Rectangular  flaps,  therefore,  which 
measure  half  the  circumference  of  the  limb  across  their  base  ought,  if 
properly  cut,  to  measure  more  than  half  the  circumference  of  the  limb 
across  their  extremity,  a  point  often  forgotten  when  operating  upon 
the  dead  subject,  with  the  result  that  tapering  and  ill-fitting  flaps  are 
constantly  produced.  The  flaps  are  somewhat  difficult  to  raise  when  it 
is  desired  to  take  up  the  muscles  with  them,  as  the  anterior  muscles  of 
the  leg  are  wedged  in  deeply  between  the  tibia  and  the  fibula  and  cannot 
be  cut  by  transfixion;  moreover,  the  anterior  tibial  artery,  which  sup- 
plies the  anterior  flap,  lies  deeply  down  on  the  interosseous  membrane, 
and  is  easily  wounded  when  the  anterior  flap  is  being  raised.  The  pos- 
terior muscles,  however,  can  be  cut  by  transfixion,  and,  since  they  retract 
much  more  freely  than  those  on  the  anterior  surface,  they  should  be  cut 
as  low  down  as  possible,  in  order  that  the  amount  of  retraction  on  the 
two  sides  shall  be  equal.  Owing  to  the  greater  power  of  the  posterior 
muscles  they  always  pull  the  posterior  flap  backwards,  at  any  rate  when 
the  amputation  is  below  the  centre  of  the  leg.  Therefore  the  cicatrix 
must  lie  well  up  on  the  front  of  the  leg  if  the  amputation  has  been  done 
by  a  long  posterior  flap;  when  possible,  however,  it  is  well  to  cover  the 
end  of  the  stump  with  a  flap  derived  from  the  surface  that  is  most  cal- 
culated to  bear  pressure. 

In  an  amputation  through  the  leg  below  *  the  seat  of  election'  the 
weight  is  borne  by  the  expanded  upper  end  of  the  tibia,  which  fits  into 
a  conical  socket  accurately  moulded  to  it.  Weight-bearing  stumps  are 
possible  here  also  and  there  can  be  no  objection  to  attempting  to  secure 
them.  If  such  a  stump  can  be  secured,  the  patient  is  much  more  com- 
fortable and  the  gait  more  nearly  normal.  This  is  naturally  more 
difficult  in  the  lower  part  of  the  leg.  The  increased  leverage  obtained 
with  a  long  stump  must  be  weighed  against  the  greater  probability  of 
securing  a  weight-bearing  stump  by  amputation  through  the  middle  third. 
Those  who  do  not  attempt  to  secure  the  weight-bearing  stump  by  most 
careful  and  systematic  after-treatment,  should  amputate  as  low  down 
as  possible.  Instrument  makers  still  object  somewhat  to  a  long  stump 
on  the  ground  that  its  end  is  apt  to  get  fretted  against  the  front  of  the 
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apparatus  in  flexion  and  extension  of  the  limb;  this,  however,  is  entirely 
a  matter  of  proper  fitting  and  should  not  weigh  against  the  great  advan- 
tage given  to  the  patient  by  the  increased  leverage  and  usefulness  of  the 
limb.  More  attention  should  be  devoted  to  the  choice  of  the  amputation 
in  the  lower  extremity  than  has  hitherto  been  the  case,  as  patients  begin 
to  realize  that  inability  to  walk  comfortably  afterwards  is  largely  due  to 
a  defect  in  the  operation. 

Out  of  the  numerous  amputations  that  have  been  introduced  the  fol- 
lowing have  been  selected  as  being  most  applicable  to  the  various  condi- 
tions likely  to  be  met  with  in  practice.  They  may  be  divided  into  three 
large  groups,  namely : — 

(i)  Supra-malic olar  amputations,  or  all  the  amputations  between 
the  level  of  Syme's  amputation  and  the  junction  of  the  lower  with  the 
middle  third  of  the  leg. 

(ii)  Amputations  in  the  middle  of  the  leg. 

(iii)  Amputation  at  'the  seat  of  election' — i.e.  a  hand's  breadth 
below  the  top  of  the  tibia. 

In  all  these  amputations  the  circulation  is  best  controlled  by  the 
application  of  Esmarch's  rubber  tubing  horizontally  around  the  middle 
of  the  thigh. 

Indications,  (i)  The  supra-malic olar  amputations  are  suitable  for 
cases  of  injury  in  which  the  foot  is  extensively  destroyed,  but  the  tissues 
over  the  region  of  the  heel  are  sound.  In  these  cases,  however,  it  is 
likely  that  the  surgeon  will  often  be  able  to  perform  a  Syme's  amputa- 
tion, which  of  course  is  better,  inasmuch  as  it  gives  a  longer  stump  and 
one  better  able  to  stand  pressure. 

The  supra-malleolar  amputation,  however,  possesses  advantages 
over  Syme's  when  the  amputation  is  performed  for  tuberculous  or  other 
disease  of  the  ankle-joint.  The  serious  objection  to  Syme's  amputation 
for  these  conditions  is  that  in  it  it  is  difficult  to  be  sure  that  the  incisions 
have  been  carried  beyond  the  limits  of  the  disease,  owing  to  the  con- 
formation of  the  joint  and  the  presence  of  the  tendon  sheaths  in  close 
connexion  with  it.  By  a  supra-malleolar  amputation,  however,  the 
wliole  of  the  synovial  membrane  is  removed  along  with  the  foot,  and 
any  diseased  tendons  or  tendon  sheaths  are  probably  removed  also 
owing  to  the  higher  division  of  the  soft  parts;  in  any  case  they  can  be 
dissected  out  with  rapidity  and  certainty  at  the  end  of  the  operation. 

(ii)  Amputations  through  the  middle  of  the  leg  will  usually  be  done 
only  for  injury,  and  are  chiefly  used  for  compound  fractures  of  the  lower 
third  of  both  bones.  This  amputation  is  too  high  up  for  tuberculous 
disease,  and  too  low  down  for  a  growth  of  the  bones;  it  is  perhaps  the 
most  difficult  form  of  amputation  of  the  leg  to  perform  satisfactorily. 
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(iii)  Amputation  at  'the  seat  of  election'  is  most  suited  for  the 
working  man  who  does  not  desire  an  artificial  limb  and  wishes  to  engage 
in  heavy  labour  with  the  least  inconvenience.  It  is  also  used  for  com- 
pound fractures  high  up  the  limb,  for  extensive  chronic  ulcers  which 
have  resisted  treatment,  and  for  certain  cases  of  long-standing  infantile 
paralysis,  accompanied  by  wasting  of  the  entire  limb,  in  which  the  nutri- 
tion of  the  parts  is  so  feeble  that  an  amputation  lower  down  would  be 
precarious.  It  may  be  done  occasionally  for  gangrene  of  the  toes  when 
the  local  blood-supply  is  good  enough  to  justify  the  surgeon  in  trying  to 
save  some  part  of  the  leg;  it  will  rarely  be  employed  for  this  affection, 
however,  as  the  collateral  circulation  is  seldom  good  enough. 

SUPRA-MALLEOLAR  AMPUTATION 

By  the  oblique  elliptical  incision.  This  amputation  is  attributed 
by  Farabeuf  to  Guyon,  and  really  differs  but  slightly  from  Syme's 
amputation.  The  incision  and  the  subsequent  steps  of  the  operation  are 
very  similar,  the  lower  ends  of  the  tibia  and  fibula  being  sawn  an  inch 


Fig.    120.      SUPRA-MALLEOLAR  AMPUTATION  BY  THE  ObLIQUE   InCISION. 

or  more  higher  than  in  Syme's  amputation.  I  have  used  the  operation 
several  times  and  can  speak  very  highly  of  the  excellence  of  the  stump; 
the  expanded  end  of  the  ends  of  the  tibia  and  fibula  furnish  a  firm  base 
upon  which  the  weight  can  be  safely  borne.  The  medullary  canal  is  not 
opened  unless  the  bone  section  be  made  considerably  above  the  malleoli. 
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The  stump  is  covered  bj'  a  flap  taken  from  the  posterior  surface  of  the 
heel,  which  is  well  calculated  to  bear  pressure. 

Operation.  The  surgeon  faces  the  sole  of  the  foot,  which  should 
project  well  beyond  the  end  of  the  table.  He  seizes  the  front  part  of 
the  foot  in  his  left  hand  and  turns  it  over  to  his  right  so  as  to  commence 
the  incision  (see  Fig,  120)  at  the  convexity  of  the  heel;  this  will  there- 
fore be  begun  on  the  outer  side  in  the  right  foot,  and  on  the  inner  in  the 
left.  From  the  point  of  the  heel  it  is  carried  somewhat  forwards  and 
upwards  until  it  is  almost  vertically  below  the  tip  of  the  internal 
malleolus  on  the  left  side,  or  the  corresponding  point  half  an  inch  in 
front  of  the  outer  malleolus  on  the  right  side.  Thence  it  runs  almost 
vertically  up  to  the  malleolus  and  then  sweeps  upwards  and  forwards 
across  the  front  of  the  ankle-joint.  The  front  of  the  foot  is  now  turned 
over  to  the  left,  and  a  corresponding  incision  ip  traced  on  the  opposite 


Fig.  121.  Marcellin  Duval's  Amputation  through  the  Lower  Third  of 
THE  Leg  bv  the  Oblique  Incision.  The  dotted  lines  indicate  the  level  upon 
which  the  bone  is  sawn. 

side  of  the  foot  until  it  meets  the  commencement  of  the  previous  one 
over  the  point  of  the  heel.  This  gives  an  elliptical  incision,  the  lateral 
appearance  of  which  is  somewhat  like  an  italic  lettery. 

This  incision  goes  through  the  skin  only,  which  is  allowed  to  retract, 
and  the  knife  is  then  carried  down  to  the  bone  all  round  on  the  level 
with  the  retracted  skin.  Instead  of  dissecting  up  the  heel  flap  it  is  easier 
to  open  the  ankle-joint  and  disarticulate  from  the  front,  as  in  Syme's 
amputation,  and  then  to  dissect  out  the  os  calcis  from  the  flap  (see  p. 
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309).  When  this  has  been  done,  the  lower  ends  of  the  tibia  and  fibula 
are  cleared  by  dissecting  up  the  soft  parts  for  about  two  inches,  making 
four  subcutaneous  incisions,  one  over  each  of  the  anterior  and  posterior 
surfaces  of  the  lower  ends  of  the  tibia  and  fibula,  so  as  to  raise  the 
tendons  and  soft  parts  en  masse  from  the  bones,  which  are  then  cleaned 
and  sawn  transversely  an  inch  or  so  above  the  level  of  the  articulation. 
As  a  rule  the  bone  section  will  be  just  where  the  bones  are  expanding  to 
form  the  joint  surfaces.  The  cicatrix  will  lie  on  the  front  of  the  limb 
above  the  line  of  the  bone  section.  The  after-treatment  is  the  same  as 
for  Syme's  amputation. 

Another  amputation  by  an  oblique  elliptical  incision  is  that  some- 
times called  by  the  name  of  Marcellin  Duval,  which  is  suitable  for  ampu- 
tations rather  higher  up  the  limb  than  the  one  just  mentioned.  It  is  not 
such  a  good  one  as  either  this  or  the  succeeding  operation,  as  it  gives  a 
somewhat  puckered  cicatrix  lying  very  near  to  the  end  of  the  bone;  it 
is  inapplicable  to  cases  in  which  there  is  inflammatory  matting  of  the 
soft  parts. 

The  point  of  bone  section  is  first  fixed  upon,  and  an  oblique  elliptical 
incision  is  traced  out,  the  lowest  level  of  which  is  at  a  distance  below 
this  point  equal  at  least  to  the  antero-posterior  diameter  of  the  limb  at 
the  level  of  bone  section,  and  the  upper  limit  of  which  is  equal  to  half 
that  distance  below  it.  Looked  at  laterally,  the  line  of  incision  crosses 
the  vertical  axis  of  the  leg  at  an  angle  of  about  45°  (see  Fig.  121).  In 
estimating  the  distance  which  the  incision  should  extend  below  the  point 
of  bone  section,  allowance  has  to  be  made  for  the  retraction  of  the  cut 
skin;  therefore  a  full  third  must  be  added  to  allow  for  the  shrinkage  of 
the  skin  flap.  The  surgeon  stands  on  the  patient's  right  of  the  limb  to 
be  removed,  viz.  on  the  outer  side  of  the  right  limb  and  on  the  inner 
side  of  the  left.  The  leg  is  drawn  well  over  the  end  of  the  table  and 
is  held  horizontal  by  an  assistant,  who  manipulates  it  as  may  be  neces- 
sary during  the  course  of  the  operation.  The*  surgeon  first  marks  out 
that  portion  of  the  incision  which  is  on  the  side  of  the  limb  nearest  to 
him,  the  foot  being  rotated  away  from  him.  He  begins  the  incision 
from  above  downwards:  when  he  has  cut  it  on  the  side  nearest  him  he 
bends  over  the  limb  (the  foot  being  rotated  towards  him)  and  finishes 
the  incision  on  the  opposite  side  from  below  upw^ards. 

After  the  skin  has  been  allowed  to  retract,  the  cuff  of  skin  is  pulled 
well  up  and  freed  from  the  subcutaneous  tissues  by  a  few  touches  of  the 
knife,  the  soft  parts  are  divided  right  down  to  the  bone  close  to  the 
margin  of  the  retracted  skin,  and  the  muscles  are  dissected  up  for  a 
good  half-inch  or  so  beyond  the  proposed  point  of  bone  section.  The 
bones  are  then  divided  and  the  projecting  triangular  subcutaneous  edge 
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of  the  tibia  is  removed  (see  Fig.  122),  so  as  to  avoid  pressure  against 
the  flap.  Any  tendons  are  cut  short,  and  an  inch  of  the  posterior  tibial 
nerve  is  dissected  out  and  removed.  In  bringing  the  flaps  together  one 
or  two  of  the  deep  tension  sutures  are  made  to  penetrate  the  tendo 
Achillis,  which  is  thereby  assyred  of  a  firm  hold  upon  the  flap.  A 
drainage  tube  should  be  put  in  the  outer  angle  of  the  wound.  The  after- 
treatment  is  similar  to  that  of  Syme's  amputation. 


Fic.  12J.  Methou  of  Bevelling  off  the  Subcutaneous  Edge  of  the  Tibia. 
The  oblique  cut  has  been  made,  and  the  saw  is  dividing  the  bone  trans\ersely 
below  il.  As  the  latter  crosses  the  oblique  cut  the  small  trian^lar  portion  is 
removed,  and  when  the  bone  is  severed  it  leaves  the  sharp  subcutaneous  mai^in 
of  the  tibia  bevelled  off. 

By  a  long  posterior  flap.  This  method  presents  advantages 
when  the  amputation  has  to  be  done  rather  higher  up  than  in  the  pre- 
vious cases,  as  the  tapering  contour  of  the  limb  renders  it  diflicult  to 
get  proper  coaptation  with  an  oblique  elliptical  incision.  Moreover, 
when  the  amputation  is  done  for  iiitlammatory  conditions  the  method 
of  raising  the  flaps  is  superior  to  the  sliding  method  employed  in  the 
elliptical  incision. 

There  are  many  modifications  of  this  operation,  but  the  difference 
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between  them  consists  mainly  of  variations  in  the  lengths  of  the  anterior 
and  posterior  flaps  respectively.  If  possible,  an  amputation  by  antero- 
posterior flaps  should  have  the  posterior  flap  longer  than  the  anterior, 
as  the  skin  of  the  front  of  the  leg  is  not  so  well  calculated  to  bear 
pressure.  The  best  form  of  amputation  by  unequal  flaps,  therefore,  is 
that  by  a  long  posterior  and  short  anterior. 

Operation.  The  limb  is  brought  well  over  the  end  of  the  table  and 
the  surgeon  stands  facing  the  foot.  The  left  thumb  and  forefinger  are 
placed  respectively  upon  the  centre  of  each  lateral  aspect  of  the  limb 
opposite  the  point  of  bone  section,  and  the  incision  begins  just  below  this 
on  the  right  side  of  the  limb  as  the  surgeon  faces  it.    The  knife  is  car- 


FiG.  123.  Amputation  through  the  Lower  Third  of  the  Leg  by  a  Long 
Posterior  Flap.  The  level  of  the  bone  section  is  shown  by  the  dotted  line 
above. 

ried  down  the  lateral  aspect  of  the  limb,  on  the  one  side  just  in  front  of 
the  inner  border  of  the  tibia,  and  on  the  other  immediately  behind  the 
fibula,  for  a  distance  corresponding  to  rather  more  than  the  antero- 
posterior diameter  of  the  limb  at  the  point  of  bone  section.  The  incision 
must  not  be  carried  down  the  mid-line  of  the  lateral  aspect  of  the  limb, 
as  otherwise,  owing  to  the  tapering  shape  of  the  leg,  the  flap  will  be 
pointed  instead  of  being  rectangular;  it  must  incline  a  little  forwards. 
At  the  lower  end  of  this  incision  the  knife  is  carried  transversely  across 
the  back  of  the  limb  for  a  distance  equal  to  half  the  circumference  of 
the  limb  at  the  point  of  bone  section,  and  then  vertically  up  on  the  oppo- 
site side  of  the  limb  to  the  point  opposite  that  from  which  it  started; 
the  comers  of  the  flap  should  be  slightly  rounded.     It  will  be  noticed 
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that  in  cutting  the  flap  in  this  operation  the  operator  has  to  change  his 
position;  he  first  stands  facing  the  sole,  but,  as  the  incision  for  the  pos- 
terior flap  is  traced  out,  he  moves  round  until  eventually  he  is  on  the 
side  at  which  the  incision  ends;  that  is  to  say,  he  will  eventually  be  on 
the  patient's  right  of  the  limb  operated  upon.  A  large  U-shaped  flap  is 
thus  marked  out  on  the  back  of  the  leg,  and  the  incision  is  deepened  all 
round  so  as  to  allow  the  skin  to  retract  fully.  The  anterior  incision  is 
then  marked  out  by  drawing  the  knife  transversely  across  the  limb  about 
two  inches  below  the  point  of  bone  section  (see  Fig.  123). 

The  first  step  in  raising  the  large  posterior  flap  is  to  open  the  deep 


Fig.  124.  Amputation  through  the  Lower  Third  of  the  Leg  by  a  Single 
Posterior  Flap.  The  level  of  the  bone  section  is  shown  by  the  dotted  line.  In 
this  case  the  cicatrix  is  placed  so  high  up  on  the  front  of  the  bone  that  there  is 
no  risk  of  the  pull  of  the  calf  muscles  bringing  it  over  the  end  of  that  structure. 

fascia  throughout  the  posterior  incision,  and  to  insert  the  thumb  and 
forefinger  between  the  tendo  Achillis  and  the  bones,  so  that  the  former 
structure  can  be  pulled  well  away  from  them  and  divided  from  within 
outwards;  the  other  muscles  at  the  back  of  the  leg  are  then  treated 
similarly.  The  peronei  muscles,  however,  should  be  divided  down  to 
the  fibula  close  to  the  junction  of  the  flaps.  The  anterior  flap  is  then 
raised  by  dividing  the  deep  fascia  and  the  muscles  down  to  the  inter- 
osseous membrane  on  a  level  with  the  margin  of  the  retracted  skin,  and 
raising  all  the  muscles  and  the  anterior  tibial  artery  from  the  interos- 
seous membrane  and  the  bones.  The  flaps  are  well  retracted,  the 
interosseous  membrane  is  divided  and  the  bone  sawn,  the  anterior  margin 
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of  the  tibia  being  bevelled  off  in  the  usual  manner  (see  Fig.  122).  The 
posterior  tibial  nerve  must  be  isolated  and  dissected  out  from  the  whole 
length  of  the  flap,  otherwise  it  will  give  rise  to  pain  subsequently. 
-  This  operation  has  been  modified  by  cutting  the  posterior  flap  still 
longer  and  providing  no  anterior  flap  at  all  (see  Fig.  124).  This  method, 
by  placing  the  scar  well  up  on  the  front  of  the  bone,  guards  against  its 
being  exposed  to  undue  pressure,  and  may  be  called  for  when  the  tissues 
at  the  disposal  of  the  operator  are  scanty  in  front;  but  otherwise  the 
preceding  method  is  preferable.  Various  other  methods,  such  as  a  cir- 
cular amputation  or  equal  lateral  flaps,  have  been  practised,  but  should 
be  avoided,  as  the  cicatrix  resulting  therefrom  falls  directly  over  the 
end  of  the  bones  and  a  certain  amount  of  pressure  upon  the  scar  is 
unavoidable.  It  is  better  to  amputate  higher  up  than  to  fashion  a  stump 
by  these  methods. 

AMPUTATION  THROUGH  THE  MIDDLE  OF  THE  LEG 

Amputations  in  this  situation  fell  into  disuse  for  a  long  time  in 
favour  of  those  at  *  the  seat  of  election ',  for  the  reasons  already  given 
(see  p.  320).  They  are  now  becoming  more  popular,  however,  and 
should  certainly  be  practised  if  occasion  offers.  In  this  situation,  as  in 
the  supra-malleolar  region,  the  flaps  must  be  fashioned  so  that  the  cicatrix 
is  not  terminal,  and  therefore  they  must  be  unequal,' the  operation  of 
choice  being  one  with  a  long  posterior  and  short  anterior  flap.  The  flaps 
should  not  consist  merely  of  skin  and  the  superficial  structures,  but  should 
take  up  the  muscles  down  to  the  bone  together  with  the  main  vessels. 

The  operation  that  perhaps  will  be  found  best  on  the  whole  is  that 
known  as  Hey's,  consisting  of  a  long  posterior  and  a  short  anterior  flap. 
The  method  of  Teale,  in  which  there  is  only  a  long  anterior  rectangular 
flap  measuring  half  the  circumference  of  the  limb  in  length,  is  not  to 
be  recommended,  as  the  extreme  length  of  the  flap  entails  division  of 
the  bone  so  high  up  that  one  of  the  methods  previously  recommended 
may  well  be  applied,  and  the  bone  divided  at  a  lower  level.  It  will 
happen  occasionally,  however,  that  the  covering  for  the  stump  must  be 
obtained  from  the  anterior  surface  of  the  limb,  and  in  that  case  Lord 
Lister's  modification  of  Teale*s  amputation  gives  a  good  result. 

Amputation  by  a  long  posterior  and  short  anterior  flap 

(Hey's  amputation).  The  limb  is  drawn  over  the  end  of  the  table 
as  far  as  the  knee,  and  the  surgeon  stands  on  the  patient's  right  of  the 
limb  to  be  operated  upon;  the  opposite  limb  is  flexed  at  the  knee  and 
fastened  down  to  the  table.  The  point  of  bone  section  is  fixed  upon 
and  the  antero-posterior  diameter  of  the  limb  at  that  spot  estimated,  the 
incision  beginning  a  good  finger's  breadth  below  this.     The  posterior 
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flap  should  he  equal  in  length  to  this  measurement,  while  the  anterior 
will  be  one-third  the  length  of  the  posterior.  Both  must  be  rectangular, 
and  the  transverse  measurement  at  their  lower  extremities  must  be  equal 
to  that  at  their  base.  The  flap  is  best  cut  by  carrying  down  an  incision 
on  each  side  from  a  point  a  finger's  breadth  below  the  line  of  bone 
section  and  joining  these  by  a  transverse  cut  behind  the  limb,  slightly 
rounding  the  corners  in  doing  so.    The  anterior  flap  is  marked  out  by 


Hey's  Amputation  through  the  Middle  of  the  Leg.    The  dotted 
line  indicates  the  level  at  which  the  bones  are  sawn. 


drawing  the  knife  across  the  front  of  the  limb  a  third  of  the  way  down, 
slightly  rounding  the  corners  also  {see  Fig.  125). 

The  incision  is  carried  through  the  deep  fascia  so  as  to  allow  the  skin 
to  retract  freely,  and  the  posterior  flap  is  dissected  up  for  about  an  inch 
and  a  half,  taking  skin  and  deep  fascia  only,  before  the  muscles  are 
divided.  The  easiest  way  to  divide  the  muscles  is  to  flex  the  knee  almost 
to  a  right  angle  and  rotate  the  limb  away  from  the  operator,  so  that  it 
lies  upon  its  side,  and  then  to  insert  the  thumb  and  forefinger  between 
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the  gastrocnemius  and  the  bone,  pull  the'  muscle  away,  and  divide  it  by 
oblique  cuts  from  within  outwards  level  with  the  margin  of  the 
retracted  skin.  Vertical  incisions  are  then  made  through  the  deep  fascia 
along  the  borders  of  the  tibia  and  fibula,  and  the  deep  muscles  on  the 
back  of  the  leg  and  the  posterior  tibial  vessels  are  raised  and  pulled 
away  from  the  bone  with  the  fingers  and  the  thumb,  and  cut  at  the  same 
level  from  within  outwards.  All  the  soft  parts  are  then  raised  to  the 
level  at  which  the  bone  is  to  be  sawn,  by  means  of  the  fingers  and  the 
handle  of  the  knife.  While  this  is  being  done,  the  foot  should  be  raised 
so  that  the  limb  is  nearly  vertical.  In  the  anterior  flap  the  muscles  and 
the  anterior  tibial  artery  are  raised  from  the  interosseous  membrane  and 
the  bones  by  means  of  the  fingers  and  handle  of  the  knife,  and  are 
divided  from  within  outwards  and  raised  in  one  mass  up  to  the  level  of 


Fig.  126.    Incisions  for  Lister's  Amputation  in  the  Middle  of  the  Leg. 

the  bone  section.  The  bones  are  then  sawn,  beginning  and  finishing  as 
usual  upon  the  tibia,  the  sharp  anterior  margin  of  which  is  bevelled  in 
the  usual  manner  (see  Fig.  122). 

The  other  operation  by  means  of  a  large  posterior  flap  in  common 
use  is  that  which  goes  by  the  name  of  Lee's  operation,  and  which  cor- 
responds almost  exactly  to  Teale's  amputation,  except  that  the  long  flap 
is  on  the  posterior  and  not  on  the  anterior  aspect  of  the  limb.  The  same 
objection  applies  to  it  as  to  Teale's  amputation,  viz.  that  it  is  unduly 
extensive,  and  that  the  adoption  of  some  other  amputation  would  enable 
the  patient  to  preserve  a  longer  stump. 

Amputation  by  a  single  long  anterior  flap  (Lister's  opera- 
tion). In  order  to  overcome  the  objections  to  Teale's  amputation, 
referred  to  above,  Lord  Lister  devised  the  following  operation  (see  Fig. 
126),  which  I  have  used  on  many  occasions,  and  which  provides  a  very 
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useful  stump.  His  description  of  the  operation  is  as  follows  (Holmes's 
System  of  Surgery,  vol.  iii.  p.  717)  :  *  Immediately  above  the  ankle  the 
operation  is  performed  as  follows.  The  diameter  of  the  limb  having 
been  ascertained  by  spanning  it,  a  straight  longitudinal  incision  of 
that  length  is  made  on  the  inner  side  of  the  leg,  and  on  the  outer  aspect 
another  similar  incision  directly  over  the  fibula  and  extending  about  an 


Fig.  127.  Lister's  Amputation.  Cutting  the  Posterior  Flap.  The  figure 
shows  the  anterior  flap  raised  with  all  the  structures  between  the  tibia  and  fibula 
right  down  to  the  interosseous  membrane. 


inch  higher  up.  The  lower  ends  of  these  incisions  are  connected  by 
cutting  across  the  front  of  the  limb  in  a  direction  transverse  in  the  main, 
but  rounded  oflf  where  it  joins  the  lateral  hnes.  The  knife  is  then  car- 
ried round  the  back  of  the  limb  to  the  bones,  from  the  upper  end  of  the 
internal  incision  to  a  point  exactly  opposite  on  the  outer  side,  which  will 
be  about  an  inch  below  the  upper  end  of  the  outer  incision ;  the  instru- 
ment being  carried  in  a  line  slightly  convex  downwards,  so  as  to  form 
a  very  short  posterior  flap.  The  anterior  flap  is  then  raised  in  the 
manner  above  mentioned,  including  everything  in  front  of  the  bones  and 
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interosseous  membrane,  after  which  the  tibia  and  fibula  are  cleared  as 
high  as  the  level  of  the  upper  end  of  the  outer  incision,  the  finger-tip 
being  still  used  in  detaching  the  parts  anterior  to  the  interosseous  mem- 
brane (see  Fig.  127). 

*  In  amputating  through  the  calf  on  the  same  principle,  the  opera- 
tion is  similar,  except  that  the  anterior  flap  need  not  be  longer  than 
two-thirds  of  the  diameter  of  the  limb;  but,  to  compensate  for  its 
diminution,  the  posterior  flap  must  be  made  at  least  half  as  long  as  the 
anterior,  by  carrying  the  knife  round  the  back  of  the  limb  at  an  angle 
of  forty-five  degrees  through  the  integuments,  and  dissecting  them  up 
to  the  level  of  the  upper  end  of  the  inner  part  of  the  incision,  before 
cutting  towards  the  bones,  so  as  to  get  rid  of  the  heavy  and  contractile 
mass  of  the  sural  muscles/ 

This  amputation  gives  a  good  firm  stump,  although  the  flap  is  some- 
what ungainly  and  difficult  to  suture.  It  is  admirably  adapted  to  bear 
pressure,  and  the  cicatrix  is  pulled  well  up  out  of  the  way  by  the  calf 
muscles,  so  that  there  is  no  fear  of  its  adhesion  to  the  ends  of  the  bones. 
The  drainage  tube  is  inserted  at  the  upper  end  of  the  outer  incision. 
The  outer  incision  is  made  to  extend  higher  up  than  the  inner  in  order 
to  get  over  the  difficulty  of  retracting  the  muscles  from  the  fibula  owing 
to  their  intimate  attachment  to  it. 

AMPUTATION  AT  *  THE  SEAT  OF  ELECTION ' 

The  explanation  of  this  term  has  already  been  given  (see  p.  320). 
In  these  amputations  '  the  seat  of  election '  refers  to  the  line  of  bone 
section,  which  is  a  full  hand's  breadth  below  the  top  of  the  tibia;  in 
other  words,  nearly  an  inch  below  the  tubercle  of  the  tibia.  This  leaves 
a  short  portion  of  the  leg  below  the  knee-joint  which  can  be  moved 
freely,  as  the  insertions  of  the  quadriceps  in  front  and  the  hamstrings 
and  the  popliteus  behind  are  retained.  Though  flexion  and  extension 
of  the  joint  are  thus  preserved,  the  stump  is  not  long  enough  to  cause 
any  marked  projection  behind  when  the  knee  is  flexed  and  the  patient 
walks  upon  a  peg-leg.  It  is  perhaps  the  most  useful  stump  for  patients 
of  the  working  class.  Amputation  in  this  situation  has  the  further 
merit  that  it  is  not  essential  for  the  cicatrix  to  fall  in  any  particular  spot ; 
indeed,  in  one  of  the  favourite  methods,  namely,  that  by  equal  lateral 
flaps,  it  is  directly  terminal,  a  matter  of  little  or  no  importance  if  the 
patient  bears  his  weight  upon  the  bent  knee.  This  amputation  can  thus 
be  performed  in  cases  in  which  the  soft  parts  are  damaged  quite  close 
up  to  the  level  of  the  proposed  bone  section.  It  possesses  the  further 
great  advantage,  that  almost  any  method  of  amputation  may  be 
employed;  thus,  equal  or  unequal  antero-posterior  or  lateral  flaps  may 
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be  employed,  or  the  circular  method  may  be  used,  or  a  single  flap  may 
be  fashioned  either  from  the  external  or  from  the  posterior  surface. 
The  three  most  generally  useful  methods  are  perhaps  the  circular  method, 
that  by  equal  lateral  flaps,  and  that  by  the  large  external  flap  known  by 
the  name  of  Farabeuf. 

The  circular  amputation.     A  tourniquet  is  applied  round  the 
middle  of  the  thigh,  the  lower  half  of  the  thigh  is  made  to  project  over 


Fig.  128.  Amputation  at  the'  Seat  of  Election  '  by  the  Circular  Incision. 
As  will  be  seen,  this  incision  is  circular  only  in  name:  it  is  really  an  oblique  one, 
extending  lower  down  the  limb  in  front  in  order  to  facilitate  raising  the  flaps. 

the  end  of  the  table,  the  other  leg  is  fastened  down  out  of  the  way,  and 
the  surgeon  stands  on  the  patient's  right  of  the  limb  to  be  operated  upon; 
an  assistant  holds  the  limb  horizontal.  The  amputating  knife  should  be 
nearly  half  as  long  again  as  the  transverse  diameter  of  the  limb.  The 
surgeon  places  his  left  thumb  upon  the  point  at  which  he  is  going  to  saw 
the  bone,  and  divides  the  skin  by  a  circular  sweep  of  his  knife  at  a  dis- 
tance below  this  point  rather  more  than  half  the  diameter  of  the  limb  at 
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the  level  of  bone  section,  so  as  to  allow  for  the  retraction  of  the  soft  parts 
(see  Fig.  128).  The  arm  is  passed  beneath  the  Umb  as  in  the  ordinary 
circular  amputation,  and  the  knife  is  drawn  round  the  limb  with  a  slight 
sawing  movement,  passing  lower  down  across  the  front  of  the  leg  than 
across  the  calf  so  that  the  incision  is  really  an  oblique  one  and  not  truly 
circular.     If  the  incision  cannot  be  completed  in  one  sweep,  it  may  be 


Fig,  129.  The  Three-tailed  Linen  Retractor  in  use  for  Amputation 
THROUGH  the  Leg.  The  middle  limb  of  the  bandage  goes  through  the  interosseous 
space  and  passes  under  the  two  outer  limbs  which  retract  the  soft  parts  from  the 
tibia  and  fibula  respectively. 

finished  by  making  the  knife  traverse  in  the  opposite  direction  from  the 
commencement  of  the  incision  to  its  termination.  The  knife  is  again 
passed  lightly  around  the  limb  so  as  to  divide  any  bands  of  cellular  tissue 
that  might  interfere  with  due  retraction  of  the  skin,  and  the  skin  flap  is 
dissected  up  for  about  two  inches.  The  connexion  between  the  skin  and 
the  front  of  the  tibia  is  more  intimate  than  elsewhere,  and  it  will  require 
repeated  touches  with  the  point  of  the  knife  to  separate  the  flap  here. 

The  limb  is  now  flexed  slightly  and  the  gastrocnemius  is  pinched  up 
between  the  thumb  and  forefinger,  pulled  away  from  the  deeper  struc- 
tures, and  divided  on  a  level  with  the  retracted  skin  without  injuring  the 
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main  vessels.  The  limb  is  then  extended,  and  the  soft  parts,  including 
the  divided  gastrocnemius  but  not  the  deep  muscles  on  either  the  front 
or  the  back  of  the  leg,  are  raised  to  about  an  inch  below  the  proposed 
line  of  bone  section.  At  this  point  an  incision  is  made  along  the  outer 
side  of  the  crest  of  the  tibia,  and  the  fingers  are  sunk  in  between  the  bone 
and  the  tibialis  anticus  down  to  the  interosseous  membrane;  the  muscles 
and  vessels  are  then  divided  transversely.  The  muscles  on  the  posterior 
aspect  of  the  limb  are  divided  similarly,  and  the  soft  parts,  back  and 
front,  are  then  raised  from  the  interosseous  membrane  up  to  the  point 
at  which  the  bone  is  to  be  sawn.  It  is  well  to  take  the  periosteum  also 
for  the  last  inch  in  cases  of  injury.  Finally  the  interosseous  membrane 
is  divided,  the  soft  parts  are  retracted  by  a  three-tailed  bandage  (see 
Fig.  129),  and  the  bones  are  sawn  at  'the  seat  of  election',  the  tibia 
being  bevelled  obliquely  in  front  in  the  usual  way  (see  p.  206).  The 
section  of  the  fibula  should  be  completed  first,  and  it  is  well,  if  time 
allows,  to  bevel  off  this  bone  obliquely  from  without  downwards  and 
inwards  with  a  saw  or  a  broad  chisel. 

The  anterior  and  posterior  tibial  arteries,  as  well  as  the  peroneal  and 
some  of  the  sural  branches,  will  require  ligature.  There  may  be  free 
bleeding  from  the  nutrient  artery  to  the  bone,  but  this  generally  stops 
spontaneously;  if  not,  the  passage  of  a  probe  into  the  canal  in  which  it 
lies  will  generally  suffice  to  arrest  it.  Should  this  fail,  Horsley's  wax 
(see  p.  591)  should  be  pressed  firmly  into  the  orifice  from  which  the 
bleeding  comes,  and  will  certainly  succeed  in  stopping  it.  An  inch  of 
the  posterior  tibial  nerve  should  be  dissected  out  and  removed  before  the 
flaps  are  sutured. 

The  flaps  are  approximated  laterally  so  that  the  scar  becomes  antero- 
posterior. A  drainage  tube  is  inserted  in  the  lower  angle  of  the  wound 
and  removed  in  two  days.  The  limb  should  be  put  upon  a  straight  back 
splint  with  pads  beneath  the  popliteal  space  so  as  to  allow  a  little  flexion, 
which  greatly  adds  to  the  patient's  comfort ;  a  very  useful  form  of  splint 
is  Gooch's,  which  encircles  the  limb  completely.  The  limb  should  never 
be  left  without  a  splint,  as  spasmodic  contractions  of  the  hamstring 
muscles  are  certain  to  occur,  and  these  are  likely  to  give  rise  to  per- 
manent contractions  which  cannot  be  overcome  easily. 

Amputation  by  equal  lateral  skin  flaps.  This  method  is  widely 
practised  and  is  a  very  simple  one,  although  it  suffers  from  the  liability 
to  adherent  cicatrix;  the  thinness  of  its  flaps  is  also  a  drawback,  and  it 
is  not  uncommon  for  the  end  of  the  bone  to  project  beneath  and  become 
adherent  to  the  angle  of  the  flaps  in  front. 

Operation.  The  positions  of  the  limb  and  of  the  surgeon  are  the 
same  as  in  the  preceding  operation;  a  tourniquet  is  applied  around  the 
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middle  of  the  thigh.  The  level  of  the  bone  section  is  marked  by  the  left 
thumb  on  the  crest  of  the  tibia,  and  the  index  finger  is  placed  upon  the 
corresponding  point  in  the  centre  of  the  limb  behind.  The  surgeon  leans 
over  the  limb  and  commences  his  incision  from  the  latter  point,  making 
a  crescentic  incision  with  its  convexity  downwards  on  each  side  of  the 
limb,  terminating  an  inch  below  the  bone  section  in  front  (see  Fig.  130). 
Each  flap  should  be  about  an  inch  longer  than  half  the  lateral  diameter 
of  the  limb  at  the  level  of  the  bone  section;  it  is  in  order  to  obviate  the 


Fig.  130.  Amputation  at  the  Seat  of  Election  *  by  Equal  Lateral  Skin 
Flaps.  The  X  shows  the  level  of  bone  section.  Just  below  this  point  the  muscles 
are  divided  by  a  circular  sweep. 

risk  of  the  bone  projecting  between  the  flaps  that  the  incisions  are  only 
made  to  extend  up  to  within  an  inch  of  the  line  of  bone  section  in  front. 
The  knife  is  carried  through  the  deep  fascia,  which  is  taken  up  with 
the  skin  until  the  level  of  the  junction  of  the  flaps  in  front  is  reached. 
At  this  point  all  the  muscles  are  divided  by  circular  sweeps  of  the  knife, 
aided  by  the  manoeuvre  already  recommended  for  division  of  the  deep 
muscles  (see  p.  335),  and  these  structures  are  raised  from  the  bone  for 
the  last  inch,  as  there  described;  the  remaining  stages  of  the  operation 
are  also  exactly  similar. 
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By  a  large  external  flap  (Farabeuf's  method).  This  method 
is  suitable  for  cases  in  which  the  patient  is  to  be  fitted  with  an  artificial 
limb  furnished  with  a  joint  at  the  knee  instead  of  wearing  a  peg-leg. 
It  is  a  valuable  amputation,  but  certain  precautions  must  be  observed 
if  full  success  is  to  be  attained.  The  large  external  flap  was  in  common 
use  before  Farabeuf  introduced  the  operation  called  by  his  name,  but 
the  merit  of  the  latter  lies  in  the  fact  that  the  anterior  tibial  arterv  and 


Fig.  131.  Incisions  for  Farabeuf's  Amputation  at  the  '  Seat  of  Electios  '. 
The  drawing  shows  the  formation  of  the  single  large  external  flap,  the  level  of 
bone  section  corresponding  to  the  upper  limit  of  the  front  limb  of  the  incision. 

all  the  muscles  are  raised  with  the  outer  flap  and  therefore  its  nutrition 
is  not  interfered  with,  and  there  is  no  fear  of  the  sloughing  that  fre- 
quently marred  the  older  oirerations. 

Operation.  The  patient  is  brought  down  until  the  buttocks  are 
nearly  level  with  the  end  of  the  table,  and  the  assistant  flexes  the  hip 
and  knee  joints,  making  the  heel  almost  touch  the  buttocks,  and  sup- 
porting the  sole  of  the  foot  on  the  end  of  the  table.  The  surgeon  stands 
on  the  patient's  right  of  the  limb  to  be  operated  upon,  and  marks  the 
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point  at  which  he  is  going  to  saw  the  bone  with  his  left  middle  finger. 
On  the  right  leg  the  incision  is  carried  from  this  spot  vertically  down 
along  the  inner  margin  of  the  crest  of  the  tibia,  then  across  the  outer 
aspect  of  the  limb  (which  is  rotated  fully  inwards),  and  vertically  up  the 


Fig.  132.  Dividing  the  Structures  in  the  large  outer  flap  in  Fara- 
beuf's  Amputation. at  the  *  Seat  of  Election  '.  The  soft  parts  are  pulled  away 
from  the  interosseous  membrane  by  the  left  thumb,  and  the  tissues  are  cut 
obliquely  from  within  outwards. 

middle  line  of  the  limb  behind  to  a  point  one  inch  short  of  the  level  from 
which  it  started  on  the  front  of  the  leg.  This  incision  marks  out  a 
U-shaped  flap,  which  should  be  one-third  longer  than  the  lateral  diameter 
of  the  limb  at  the  level  of  bone  section.  The  incision  is  gone  over  with 
the  knife  a  second  time  so  as  to  allow  the  skin  to  reti"act  freely  every- 
where. As  the  last  part  of  the  incision,  viz.  that  on  the  back  of  the  leg, 
is  being  marked  out,  the  assistant  raises  the  limb  until  it  is  nearly 
horizontal. 
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On  the  left  leg  the  procedure  is  different.  The  surgeon  stands  facing, 
and  somewhat  to  the  outer  side  of,  the  foot,  which  he  grasps  in  his  left 
hand  so  that  he  can  rotate  the  limh  in  whatever  direction  he  pleases. 
The  points  between  which  the  incision  is  to  run  should  be  marked  out 
previously  either  by  making  small  nicks  in  the  skin  or  by  an  assistant's 
fingers.  The  leg  is  rotated  inwards  and  the  incision  is  begun  from  the 
anterior  aspect  of  the  limb,  carrying  it  down  just  inside  the  crest  of  the 
tibia  as  before,  then  across  its  outer  surface.  The  hmb  is  raised  with 
the  left  hand  as  this  is  done,  and,  as  the  incision  is  carried  up  the  middle 
line  behind  to  the  point  at  which  it  is  to  cease  {vide  supra),  the  limb  is 


Fic.  133.  Flaps  after  Fababeuf's  Amputation  at  the  '  Seat  of  Election  '. 
The  large  external  flap  with  its  muscles  and  blood-supply  intact  is  well  shown. 
The  edge  o£  the  tibia  is  bevelled  off. 

raised  higher  and  higher  until  finally  it  is  aim:  st  vertical.  The  limb  is 
now  transferred  to  the  assistant,  and  the  surgeon  takes  his  place  on  the 
outer  side  of  it  to  complete  the  remaining  stages  of  the  operation,  which 
are  the  same  on  Ixjth  sides.  Bending  over  the  limb,  the  knife  is  drawn 
transversely  across  its  inner  aspect  from  the  upper  extremity  of  the  pos- 
terior incision  to  the  corresponding  point  on  the  front  of  the  limb.  viz. 
one  inch  below  the  level  of  the  upper  extremity  of  the  incision  there 
(see  Fig.  131).    The  skin  is  allowed  to  retract  to  its  full  extent. 

The  deep  fascia  is  next  incised  along  the  crest  of  the  tibia  from  above 
downwards,  the  fingers  of  the  left  hand  are  thrust  between  the  muscles 
and  the  bone  right  down  to  the  interosseous  membrane,  and  the  tibialis 
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anticiis  (anterior)  pulled  away  from  the  tibia.  The  knife  is  inserted 
between  the  bone  and  the  muscles  and  the  latter  are  divided  from  within 
outwards  on  a  level  with  the  retracted  edge  of  the  outer  flap  by  a  suc- 
cession of  cuts  from  the  deep  to  the  superficial  surface  carried  as  far 
outwards  as  the  fibula  (see  Fig,  132).  The  peronei  are  then  divided  and 
peeled  from  the  fibula  up  to  the  level  of  the  bone  section.  The  posterior 
muscles  are  divided  either  by  transfixion  or  by  cutting  from  without 
inwards;  in  the  former  case  the  knife  is  entered  behind  the  fibula  and 
brought  out  through  the  transverse  incision  across  the  inner  aspect  of 


Fig.  154.  Stomp  after  Faradeuf's  Amputation  at  the  '  Seat  of  Election  '. 

the  limb,  the  large  outer  flap  being  raised  and  kept  out  of  the  way  as 
the  division  of  the  muscles  proceefis. 

Finally  all  the  soft  parts,  including  the  periosteum,  are  peeled  up  from 
the  bone  for  about  an  inch,  when  the  level  of  the  proposed  bone  section  is 
reached.  The  bones  are  now  sawn,  and,  if  possible,  the  fibula  should  be 
divided  on  a  higher  level  than  the  tibia;  it  should  also  be  bevelled  from 
without  downwards  and  inwards,  whilst  the  tibia  should  have  its  sharp 
anterior  margin  bevelled  off  in  the  usual  way  (see  Fig.  133).  It  is  rather 
difficult  to  bevel  ofif  the  fibula  properly,  but  the  best  way  is  to  divide  the 
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bone  transversely  and  reduce  it  subsequently  to  the  proper  shape  with 
a  chisel.  On  the  left  leg  the  fibula  will  be  sawn  first,  while  on  the  right 
it  is  better  to  saw  it  after  the  tibia  has  been  cut  through.  The  posterior 
tibial  nerve  is  dissected  out  and  cut  short,  and  the  large  external  flap  is 
brought  across  the  ends  of  the  bones  and  sutured  (see  Fig.  134). 

DISARTICULATION  AT  THE  KNEE-JOINT 

There  is  still  difference  of  opinion  as  to  the  value  of  this  particular 
form  of  amputation.  While  some  authorities  prefer  it  because  it 
furnishes  a  stump  with  an  expanded  end  upon  which  the  full  weight  of 
the  limb  can  be  borne,  others  object  to  it  because  of  its  aesthetic  draw- 
backs. The  patient  cannot  wear  an  artificial  limb  with  a  false  joint  so 
comfortably  or  so  naturally  as  he  can  when  the  amputation  has  been 
done  through  or  above  the  condyles,  because  the  false  joint  is  on  a  lower 
level  than  the  normal  one,  and  although  this  is  not  noticeable  when  the 
patient  is  upright,  it  is  unmistakable  when  he  sits  down.  On  the  other 
hand  there  is  no  doubt  that  the  large-ended  stump  resulting  from  a  dis- 
articulation allows  the  weight  of  the  body  to  be  borne  directly  upon  its 
end  with  greater  certainty  and  comfort  than  is  always  the  case  after 
amputation  through  or  above  the  condyles.  In  the  latter  case  the  stump 
may  be  found  to  be  incapable  of  bearing  pressure  at  all,  and  the  artificial 
limb  may  have  to  take  its  purchase  from  the  pelvis.  As  a  general  rule, 
therefore,  it  may  be  suggested  that  disarticulation  through  the  knee  is 
more  suited  for  the  working  classes,  whereas  amputation  higher  up 
should  be  done  for  those  who  can  afford  a  more  expensive  apparatus, 
and  whose  chief  desire  is  to  secure  the  best  aesthetic  iiesult. 

Various  methods  may  be  employed  for  disarticulation.  The  one 
most  used  in  England  is  that  known  by  the  name  of  Stephen  Smith. 
The  only  other  one  that  needs  description  is  the  elliptical  method,  which 
is  very  simple  and  gives  a  sound  and  useful  stump ;  it  is  very  similar  to 
Stephen  Smith's. 

Stephen   Smith's  disarticulation  at  the  knee-joint.     The 

amputation  originally  introduced  by  Stephen  Smith  {Nezv  York  Journal 
of  Medicine,  September,  1852)  was  by  means  of  what  he  termed  *a 
hooded  flap ' ;  in  other  words,  one  marked  out  by  an  oblique  racket  inci- 
sion. In  order  to  make  a  neater  stump,  however,  English  surgeons  are 
in  the  habit  of  slightly  modifying  the  incision  by  cutting  a  V-shaped 
portion  out  of  the  front  of  the  hooded  flap,  and  thus  converting  the 
amputation  into  one  by  two  lateral  flaps  of  an  irregular  shape. 

Operation.  The  lower  half  of  the  thigh  projects  well  beyond  the 
edge  of  the  table.    The  surgeon  stands  on  the  patient's  right  of  the  limb 
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to  be  operated  upon;  the  other  is  fastened  down  to  the  table  out  of  the 
way.  The  level  of  the  knee-joint  is  defined  by  flexing  and  extending 
the  limb,  and  the  surgeon  places  his  left  forefinger  in  the  middle  line 
behind  upon  a  level  with  the  joint  line.  The  thumb  rests  upon  the  lower 
part  of  the  tubercle  of  the  tibia.  The  incision  is  commenced  behind  by 
leaning  over  the  limb  and  entering  the  point  of  the  knife  immediately 
below  the  tip  of  the  forefinger,  the  limb  being  rotated  towards  the 


Fig.  135.  Incision  for  Stephen  Smith's  Disarticulation  at  the  Knee- 
joint.  It  will  be  noted  that  the  incision  extends  slightly  lower  down  on  the 
inner  than  on  the  outer  side. 


operator  so  as  to  bring  the  posterior  surface  as  much  into  his  view  as 
possible.  The  knife  is  carried  down  vertically  in  the  middle  line  for 
three  inches,  and  is  then  made  to  cut  a  lateral  flap  with  its  convexity 
downwards,  the  lowest  point  being  a  full  inch  below  the  tubercle  of  the 
tibia.  As  it  approaches  the  middle  line  in  front  the  incision  is  carried 
just  up  to  the  point  of  the  thumb,  which  is  on  the  lower  part  of  the 
tubercle  of  the  tibia.  The  limb  is  then  raised  somewhat  and  rotated  in 
the  opposite  direction,  i.e.  away  from  the  surgeon,  who  cuts  the  other 
lateral  flap  from  the  tubercle  back  to  the  vertical  median  incision  at  the 
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Fig.  136.  Disarticulation  of  the  Knee-joint  by  Stephen  Smith's  Method. 
The  semilunar  cartilages  are  seen  in  contact  with  the  condyles  of  the  femur.  The 
knife  is  dividing  the  posterior  ligament  of  the  knee-joint  and  the  popliteal  vessels. 
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point  where  the  opposite  lateral  incision  began,  namely,  about  three 
inches  from  its  commencement  (see  Fig.  135).  It  is  generally  advised 
that  the  inner  flap  should  be  a  little  longer  than  the  outer  in  order  to 
cover  the  large  inner  condyle  satisfactorily. 

The  skin  is  pinched  up  in  the.  fingers,  the  incision  is  carried  through 
the  deep  fascia,  and  the  flap  on  each  side  is  dissected  up  to  the  level  of 
the  ligamentum  patella.  When  this  level  is  reached,  the  knife  is  car- 
ried down  to  the  bone  all  round 
and  the  ligamentum  patellx  is 
divided;  the  assistant,  who  has 
previously  held  the  limb  hori- 
zontal, now  flexes  the  knee,  whilst 
the  surgeon  insinuates  his  knife 
between  the  semilunar  cartilages 
and  the  tuberosities  of  the  tibia  so 
as  to  separate  these  two  struc- 
tures and  leave  the  cartilages  ap- 
plied to  the  condyles  of  the  femur. 
The  knee  is  then  bent  still  fur- 
ther, and  the  crucial  ligaments 
are  divided  with  a  few  touches  of 
the  knife.  Disarticulation  is 
completed  by  retracting  the  flaps 
fully,  passing  the  knife  across 
the  joint,  between  the  tibia  and 
the  femur,  and  then  extending 
the  limb  almost  completely  and 
cutting  down  towards  the  floor. 
This  divides  the  posterior  liga- 
ments and  the  structures  in  the 

,-,     ,  y        T"  ^\  I'lG.  137.    Stump  left  after  Ste- 

popliteal  space  (see  F.g.  136).  p„,^  s„,^;.,  disarticulation  at  the 

The    only    vessels   of    impor-     Knee-joint. 
tance    that    require    ligature   are 

the  popliteal  vessels  and  some  of  the  articular  branches.  The  internal 
popliteal  nerve  should  be  isolated,  and  an  inch  of  it  excised.  When 
brought  together,  the  flaps  form  a  vertical  cicatrix  in  the  hollow  between 
the  condyles  (see  Fig.  137),  and  are  secured  by  a  few  coaptation  sutures 
of  silkworm-gut.  with  a  continuous  suture  to  unite  the  skin  edges.  A 
drainage  tube  is  inserted  at  the  upper  end  of  the  incision.  The  limb  is 
placed  upon  a  straight  lack-splint  or  in  a  roll  of  Gooch's  splinting,  and 
raised  on  pillows  to  an  angle  of  45^ ;  it  should  be  fastened  between  sand- 
bags so  as  to  prevent  spasmodic  jerkings  of  the  stump.     The  bandage 


346  AMPUTATIONS 

fastening  on  the  dressings  should  be  a  figure-of-eight  round  the  pelvis: 
the  splint  should  also  be  secured  by  a  similar  bandage,  otherwise  the  splint 
and  the  dressing  are  very  apt  to  slip  off  the  stump.  The  drainage  tube, 
which  is  in  the  most  dependent  part  of  the  wound,  should  be  removed  at 
the  end  of  forty-eight  hours.  The  sutures  may  be  taken  out  at  the  end  of 
fourteen  days,  when  the  patient  can  also  dispense  with  the  splint.  There 
is  usually  some  pain  referred  to  the  sciatic  nerve  for  the  first  few  days 
after  the  operation,  but  this  is  easily  relieved  by  opium.  The  stump  can 
bear  considerable  pressure  in  about  a  month. 

The  operation  furnishes  a  perfect  stump;  the  cicatrix  is  vertical  and 
gets  drawn  up  into  the  inter-condyloid  notch  out  of  the  way  of  all 
pressure,  while  the  semilunar  cartilages,  which  are  left  behind  in  con- 
tact with  the  condyles,  serve  to  square  off  the  end  of  the  stump  and  fit 
it  admirably  for  bearing  the  weight  of  the  body.  The  only  objection 
to  the  operation  is  that  common  to  all  disarticulations  at  the  knee-joint, 
viz.  that  the  instrument  maker  has  to  fit  the  patient  with  a  limb  in  which 
the  level  of  the  artificial  knee-joint  is  lower  than  that  on  the  sound  side 
and  therefore  he  prefers  an  amputation  through  the  condyles. 

Difficulties.  The  chief  mistake  made  in  this  operation  is  the  very 
serious  one  of  cutting  the  flaps  so  that  they  cannot  be  made  to  cover  the 
condyles  of  the  femur.  It  is  a  common  fault  when  operating  on  the 
living,  and  more  particularly  on  the  dead  subject,  to  begin  too  high  up, 
and  to  trace  out  a  racket  incision  of  the  lanceolate  type  rather  than  of 
the  well-known  crupper  form  (see  Fig.  138).  In  the  former  the  ends 
of  the  incision  begin  to  diverge  from  one  another  above  the  level  of  the 
lower  ends  of  the  condyles,  and  the  result  is  that  the  skin  cannot  be 
made  to  meet  and  to  cover  the  condyles  without  too'  much  tension.  It 
is  of  the  greatest  importance  to  begin  the  incision  at  the  level  of  the 
joint,  and  to  make  the  first  three  inches  of  it  vertically  in  the  middle 
line  behind,  so  as  to  form  a  definite  handle  to  the  racket;  this  ensures 
ample  covering  for  the  large  condyles  of  the  femur.  If  the  flaps  are 
found  to  be  faulty  in  this  respect  at  the  end  of  the  operation  there  is 
no  alternative  but  to  make  a  trans-condyloid  section  of  the  femur. 

By  an  oblique  elliptical  incision.  The  positions  of  the  patient 
and  the  surgeon  are  the  same  as  before.  The  left  thumb  marks  the 
lowest  point  of  the  elliptical  incision,  which  should  cross  the  anterior 
border  of  the  tibia  a  full  diameter  below  the  level  of  the  joint, 
which  must  be  defined  carefully  (see  p.  343).  The  highest  point  of 
the  ellipse  should  cross  the  middle  line  of  the  calf  half  that  distance 
below  the  joint  line;  in  estimating  these  measurements  it  is  well  to  err 
on  the  side  of  amplitude  in  order  to  allow  for  the  retraction  of  the  soft 
parts.    An  elliptical  incision  is  made  around  the  limb,  its  long  axis  being 
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at  an  angle  of  30°  to  the  vertical  (see  Fig.  139).  The  skin  is  ailowed 
to  retract,  and  then  the  skin  and  fascia  are  freed  from  the  deeper  struc- 
tures by  a  few  touches  of  the  knife,  and  the  front  part  is  turned  up  as 
a  sort  of  cufT,  its  free  edge  being  seized  between  the  thumb  and  fingers 
of  the  left  hand.    The  deep  fascia  should  be  taken  up  with  the  skin  so 


Fig.  138.  Faulty  Incifions  for  Stephen  Smith's  Disarticulation.  The 
incision  behind  begins  to  diverge  at  once,  and  the  result  of  this  is  that  there 
will  not  be  enough  covering  for  the  condyles  of  the  femur. 


as  to  maintain  the  blood-supply  of  the  flap  intact.  The  anterior  part  of 
the  flap  is  raised  until  the  lower  end  of  tlie  patella  is  reached,  and  then 
the  limb  is  moderately  flexed,  the  ligamentum  palell<e  is  cut  across,  and 
the  joint  opened.  The  remaining  steps  of  the  operation  are  similar  to 
those  of  Stephen  Smith's  amputation,  and  the  semilunar  cartilages  can 
be  left  in  contact  with  the  condyles  of  the  femur  as  in  that  operation. 
The  wound  is  sewn  up  so  as  to  form  a  cicatrix  which  is  parallel  to  the 
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transverse  diameter  of  the  limb,  so  that  the  stump  appears  to  have  been 
fashioned  with  antero-posterior  flaps. 

There  are  many  other  methods  of  disarticulating,  but  the  two  given 
above  will  suffice  for  the  cases  usually  met  with.  Of  these  Stephen 
Smith's  is  the  better,  but  the  elliptical  incision  method  is  described  as 
being  one  in  which  there  is  less  likelihood  of  a  beginner  cutting  faulty 
flaps.     The  operations  by  a  long  anterior  flap  are  more  suited  to  the 


Fig.  139.    Disarticulation  through  the  Knee-joint  by  an  Oblique  Elliptical 
Incision.    The  cicatrix  gets  pulled  well  up  into  the  inter-condyloid  notch. 

next  group  of  cases,  in  which  the  amputation  is  practised  through  or 
above  the  condyles. 

TRANS-CONDYLOID  AND  SUPRA-CONDYLGID 

AMPUTATIONS 

The  merits  of  these  operations  have  been  discussed  already  (see 
p.  342).  The  stump  is  shorter  and  the  base  of  support  is  smaller,  and 
therefore  the  chance  of  bearing  the  whole  weight  of  the  body  directly 
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on  the  end  of  the  stump  is  not  quite  so  good  as  it  is  in  the  case  of  dis- 
articulations, and  the  artificial  limb  may  have  to  take  its  purchase  from 
the  pelvis.  In  order  to  facilitate  weight-bearing  the  condyles  should  be 
divided  as  low  down  as  possible;  when  the  femur  is  sawn  through  the 
base  of  the  condyles  the  articular  surface  of  the  patella  may  be  cut  off 
and  its  cut  surface  turned  up  and  made  to  unite  with  the  cut  surface  of 
the  femur  so  as  to  give  a  rounded  end  to  the  stump  and  one  well  cal- 
culated to  bear  pressure.  In  all  cases  every  attempt  should  be  made  to 
save  the  adductor  tubercle,  as  the  maintenance  of  the  functions  of  the 
adductors  is  an  enormous  gain  to  the  patient.  The  action  of  the 
quadriceps  should  be  also  retained,  either  by  saving  the  patella  or  by 
suturing  its  tendon  to  the  bone.  Of  the  amputations  commonly  prac- 
tised in  this  situation  only  three  will  be  described:  (i)  The  operation  by 
long  anterior  and  short  posterior  flaps,  (ii)  Lister's  modification  of 
Garden's  operation,  and  (iii)  The  Stokes-Gritti  amputation.  All  three 
amputations  are  useful  under  certain  circumstances. 

Amputation  by  long  anterior  and  short  posterior  flaps. 

The  limb  is  drawn  well  over  the  table  and  the  surgeon  stands  on  the 
patient's  right  of  it,  the  sound  leg  being  fastened  down  out  of  the  way. 
The  limb  being  held  almost  horizontal,  a  long  anterior  flap  is  marked  out 
commencing  just  behind  the  condyle  on  the  side  away  from  the  surgeon 
and  immediately  above  the  level  of  the  joint ;  the  limb  is  rotated  towards 
the  surgeon  while  this  is  being  done.  The  incision  is  carried  vertically 
down  for  rather  more  than  the  antero-posterior  diameter  of  the  limb  at 
the  point  of  bone  section,  and  the  leg  is  then  rotated  away  from  the  sur- 
geon, who  draws  the  knife  across  the  front  of  the  limb  and  finally  up 
along  the  lateral  aspect  of  the  limb  facing  him,  until  it  reaches  a  point 
opposite  that  from  which  it  started  on  the  other  side  (see  Fig.  140). 
A  large  U-shaped  flap  is  thus  marked  out  and  is  allowed  to  retract  fully 
by  deepening  the  incision  uniformly  through  the  deep  fascia  all  round. 
A  posterior  flap  is  next  marked  out  by  passing  the  arm  beneath  the  limb 
and  cutting  transversely  across  its  posterior  surface  from  one  side  of 
the  anterior  flap  to  the  other,  half-way  between  the  point  of  bone  section 
and  the  lower  limit  of  the  anterior  flap.  The  edges  of  the  latter  are  then 
seized  betweeh  the  left  thumb  and  forefinger,  and  it  is  raised,  along  with 
the  deep  fascia,  well  above  the  patella.  When  the  upper  edge  of  this  bone 
is  reached  a  circular  sweep  is  made  around  the  limb,  dividing  the  soft 
parts  down  to  the  bone  and  opening  the  knee-joint.  A  second  sweep 
divides  all  the  periosteal  structures,  and  the  saw  is  then  applied  to  the 
condyles  just  above  the  upper  limit  of  the  cartilaginous  surface.  The 
saw  should  not  be  applied  quite  at  right  angles  to  the  long  axis  of 
the  bone,  but  at  a  slight  angle,  so  as  to  cut  a  little  lower  on  the  inner 
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side  than  the  outer,  and  thus  reproduce  the  normal  obliquity  of  the 
condyles. 

The  long  anterior  flap  folds  over  the  end  of  the  bone,  and  the 
cicatrix  falls  well  on  to  the  posterior  aspect  of  the  limb.  The  flaps  are 
united  by  deep  coaptation  sutures  of  silkworm-gut  reinforced  by  a  con- 
tinuous suture  for  the  edges.  A  drainage  tube  is  necessary  for  the  first 
three  days  or  more.    The  dressing  is  applied  first  on  the  anterior  surface 


Fig.  140.    Trans-condvloid  Amputation  of  the  Femur  by  Long  Anterior 
AND  Short  Posterior  Flaps. 

of  the  limb,  then  carried  across  the  end  of  the  stump,  and  finally  up  on 
the  posterior  surface. 

The  stump  given  by  this  operation  is  not  so  capable  of  bearing  the 
patient's  full  weight  for  a  long  time  as  are  those  resulting  from  the 
preceding  operations. 

Lister's  modification  of  Garden's  operation.  Lord  Lister  has 
devised  the  following  useful  modification  of  Garden's  amputation  in 
which  only  a  long  anterior  flap  was  fashioned  (Holmes's  System  of 
Surgery,  vol.  iii,  p.  718).    He  describes  it  as  follows: — 
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'  The  only  objection  to  Carden's  operation,  as  described  by  him,  is 
the  occasional  occurrence  of  more  or  less  sloughing  of  the  long  anterior 
flap  of  the  skin,  in  spite  of  faultless  operating.  It  is  plain  that  the  risk 
of  sloughing  would  be  diminished  if  the  flap  could  be  made  shorter  by 
not  carrying  the  horns  of  the  incision,  by  which  it  is  formed,  so  high 
up  the  limb;  and  I  found  that  it  is  by  no  means  difficult,  when  the  parts 
are  in  their  natural  condition,  to  accomplish  the  operation  without  mak- 


FiG.  141.    Incisions  fob  Lister's  Modification  of  Garden's  Amputation. 
The  X  shows  where  the  condyles  are  divided. 

ing  any  anterior  flap  at  all,  the  integuments  in  front  being  divided  trans- 
versely at  the  level  of  the  lower  end  of  Mr.  Carden's  flap.  I  also  found 
it  advantageous  to  form  a  short  posterior  skin  flap,  both  for  the  sake  of 
coaptation  of  the  cutaneous  margins  without  puckering  and  as  a  useful 
addition  to  the  covering  for  the  end  of  the  stump  (see  Fig.  141). 

'  The  operation  is  performed  as  follows.  The  surgeon  first  cuts 
transversely  across  the  front  of  the  limb  from  side  to  side  at  the  level 
of  the  anterior  tuberosity  of  the  tibia,  and  joins  the  horns  of  this  inci- 
sion posteriorly  by  carrying  the  knife  at  an  angle  of  45°  to  the  axis  of 
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the  leg  through  the  skin  and  fat.  The  limb  being  elevated,  he  dissects 
up  the  posterior  skin  flap,  and  then  proceeds  to  raise  the  ring  of  integu- 
ment as  in  a  circular  operation,  taking  good  care  to  avoid  scoring  the 
subcutaneous  tissue;  and,  dividing  the  hamstrings  as  soon  as  they  are 
exposed,  and  bending  the  knee,  he  finds  no  difficulty  in  exposing  the 
upper  border  of  the  patella.  He  then  sinks  his  knife  through  the  inser- 
tion of  the  quadriceps  extensor,  and  having  cleared  the  bone  immediately 
above  the  articular  cartilage  and  holding  the  limb  horizontal,  he  applies 
the  saw  vertically  and  at  the  same  time  transversely  to  the  axis  of  the 
limb  (not  of  the  bone),  so  as  to  ensure  a  horizontal  surface  for  the 
patient  to  rest  upon.  The  popliteal  artery  and  vein  are  then  secured,  and 
any  articular  or  other  small  branches  that  may  require  it. 

*  When  the  soft  parts  are  thickened  and  condensed  by  inflammation, 
the  integuments  cannot  well  be  reflected  above  the  patella  with  such 
incisions  of  the  skin.  But  the  difficulty  may  be  got  over  by  cutting  into 
the  joint  as  soon  as  the  ligamentum  patellae  is  exposed,  and  at  once 
removing  the  leg  by  dividing  the  ligaments  and  hamstrings;  after  which 
the  soft  parts  can  be  retracted  from  the  femur  sufficiently  to  permit  the 
application  of  the  saw.  The  arteries  having  then  been  secured,  the 
patella  is  dissected  out  at  leisure. 

*  As  thus  performed,  Garden's  operation  takes  a  little  more  time  and 
pains  than  when  the  integument  is  divided  in  the  form  of  an  anterior 
flap;  but  these  are  well  rewarded  by  the  ample  covering  for  the  bone, 
the  small  external  wound,  and  the  perfect  security  against  sloughing.' 

The  Stokes-Gritti  amputation.  The  positions  of  the  surgeon 
and  the  patient  are  the  same  as  in  the  previous  operation.  A  large  rec- 
tangular anterior  flap  is  marked  out  by  an  incision  running  from  a  point 
just  above  the  base  of  the  condyle  on  one  side  to  the  corresponding 
point  on  the  opposite  side,  and  reaching  as  low  as  the  upper  part  of  the 
tubercle  of  the  tibia.  The  posterior  flap  is  one-third  the  length  of  the 
anterior,  and  is  made  by  drawing  the  knife  transversely  across  the  back 
of  the  limb.  The  anterior  flap  is  raised,  the  ligamentum  patellae  I)eing 
cut  across  when  it  is  met  with,  the  knee-joint  opened  and  the  capsule 
divided  so  as  to  allow  the  patella  to  be  raised  with  the  flap.  The  tendons 
at  the  back  of  the  joint  are  divided  on  a  level  with  the  edge  of  the 
retracted  skin,  and  the  posterior  flap  is  raised  to  the  level  at  which  the 
bone  is  to  be  sawn,  which  is  alx)ut  an  inch  above  the  base  of  the  condyles, 
through  the  expanded  portion  of  the  shaft  of  the  femur  and  below  the 
medullary  cavity.  A  circular  sweep  is  made  with  the  knife  around 
the  bone  at  this  spot,  the  periosteum  is  divided  and  the  femur  is  sawn. 

The  surgeon  now  carries  his  knife  around  the  circumference  of  the 
patella  along  the  margin  of  the  cartilage  so  as  to  cut  a  groove,  and, 
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grasping  the  flap  firmly  between  the  left  thumb  and  forefinger,  he 
stretches  the  subcutaneous  surface  of  the  bone  against  the  dorsal  aspect 
of  the  remaining  fingers  of  his  hand  (see  Fig.  142),  and  removes  the 
cartilaginous  surface  with  a  saw.  The  bony  surface  left  will  correspond 
closely  in  size  to  the  cross  section  of  the  divided  femur  (see  Fig.  143), 
and  the  two  surfaces  are  placed  in  apposition  and  fastened  together 


Fig.  142.    Removing  the  Articular  Surface  of  the  Patella  in  the  Stokbs- 
Geitti  Amputation. 

either  by  stout  sutures  passed  through  the  soft  parts  or  by  some  form 
of  fixation  pegs  or  pins;  the  patella  thus  furnishes  a  rounded  end  to  the 
divided  femur  upon  which  the  patient  can  bear  his  weight. 

The  anterior  flap  is  turned  down  round  the  lower  end  of  the  femur; 
the  cicatrix  is  transverse  and  lies  just  above  the  line  of  bone  section: 
A  drainage  tube  is  inserted  at  each  angle  of  the  wound,  and  the  dress- 
ings are  applied  to  the  front  of  the  thigh  first,  then  carried  round  the 
end  of  the  stump  and  up  the  posterior  aspect  of  the  limb,  so  as  to  keep 
the  patella  firmly  in  apposition  with  the  femur. 

This  amputation  is  really  supra-condyloid,   whereas  both   the  pre- 


354  AMPUTATIONS 

ceding  methods  are  trans-condyloid.  The  advantage  of  the  amputation 
just  described  is  that  the  two  surfaces  of  bone  correspond  closely  in  size, 
whereas  in  Gritti's  original  amputation  the  section  was  made  through 
the  condyles,  where  the  cut  surface  of  the  femur  is  much  larger  than 
that  of  the  patella,  and,  owing  to  this  and  to  the  increased  length  of  the 


Fig,  143.  The  Flaps  after  a  Stokls-Gritti  Amputation.  It  will  be  seen 
how  nearly  the  sawn  surface  of  the  patella  and  the  supra-condyloid  region  of  the 
femur  correspond  in  size. 

femur,  it  was  difficult  to  get  and  maintain  the  patella  in  apposition  wiih 
the  end  of  the  femur. 

The  Stokes-Gritti  amputation  is  a  valuable  one,  and  should  be  pre- 
ferred to  an  amputation  through  the  shaft  of  the  bone  whenever  circum- 
stances allow  of  its  being  done.  In  the  majority  of  cases  the  stump  will 
bear  the  botly  weight  upon  its  end,  whereas  this  is  hardly  ever  the  case 
in  amputations  through  the  shaft  of  the  bone,  the  artificial  limb  taking 
its  purchase  from  the  pelvis  in  the  latter  cases.    The  medullary  canal  is 
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not  opened,  the  muscular  attachments  are  disturbed  very  little,  and  the 
adductors  retain  their  connexions  and  act  satisfactorily.  There  is  little 
chance  of  a  conical  stump  resulting,  as  so  few  of  the  muscles  are  severed 
from  their  attachments. 

At  the  same  time  the  stump  is  not  always  satisfactory.  In  former 
days  especially,  bony  union  did  not  always  take  place  between  the 
patella  and  the  end  of  the  femur,  and  the  former  became  tilted  and 
formed  a  projection  that  gave  rise  to  pain  when  weight  was  borne  on 
the  end  of  the  stump.  This,  however,  is  hardly  likely  to  happen  now, 
since  the  methods  of  fastening  bone  surfaces  together  have  been  greatly 
improved.  The  method  that  I  have  found  most  satisfactory  on  the 
whole  is  to  drive  a  square  ivory  peg  through  the  patella  into  the  end  of 
the  femur,  allowing  its  free  end  to  protrude  through  a  hole  in  the  skin 
over  the  patella.  This  is  surrounded  by  the  dressings,  and  can  be 
removed  on  the  tenth  day.  The  use  of  a  removable  peg  is  adopted 
because  pressure  is  borne  direct  upon  the  anterior  surface  of  the  patella 
and  any  foreign  body  such  as  a  wire,  nail,  or  screw  permanently 
embedded  in  that  bone  may  give  rise  to  irritation  from  pressure  and 
require  removal. 

I  have  seen  effusion  occur  in  the  prepatellar  bursa  after  the  patient 
has  been  getting  about,  necessitating  excision  of  the  bursa.  Should  the 
patella  be  larger  than  the  cut  end  of  the  femur  to  which  it  is  to  be  applied 
it  should  be  pared  down  until  it  fits  fairly  accurately. 


CHAPTER  VIII 

AMPUTATIONS  THROUGH  THE  THIGH  AND  DISARTICU- 
LATIONS AT  THE  HIP-JOINT 

AMPUTATIONS  THROUGH  THE  THIGH 

Many  methods  are^ available  for  amputation  in  this  region,  the  only 
thoroughly  unsuitable  one  being  that  by  a  large  posterior  flap;  this  is 
objectionable  because  of  the  inveterate  tendency  of  the  hamstring 
muscles  to  retract.  The  most  satisfactory  method  on  the  whole 
is  by  long  anterior  and  short  posterior  flaps  consisting  of  skin  and 
a  gradually  increasing  amount  of  muscle.  This,  and  the  circular 
amputation,  which  is  most  suitable  for  cases  in  which  it  is  imperative 
to  divide  the  bone  as  near  the  level  of  the  injured  tissues  as  possible, 
are  the  only  two  that  will  be  described  here,  although  it  must  be  under- 
stood that  a  large  number  of  other  amputations  can  be  performed, 
and  should  even  be  preferred  to  the  two  described  under  varying  circum- 
stances, depending  upon  the  seat  of  injury,  the  state  of  the  tissues,  &c. 

Above  the  condyles  all  the  length  possible  should  be  saved  as  the 
possibility  of  end-bearing  decreases  rapidly  as  the  upper  limit  of  use- 
fulness as  regards  leverage  is  reached.  A  stump  in  which  the  bone  is 
less  than  3  inches,  measured  from  the  pubis,  is  of  little  value,  and 
exarticulation  is  preferable.  The  linea  aspera  requires  attention  ^n  the 
same  manner  as  the  crest  of  the  tibia.  It  is  now  possible  to  fit  an  ex- 
articulation  of  the  hip  with  a  very  satisfactory  appliance;  in  some  cases 
the  gait  is  even  better  than  with  the  shorter  stumps. 

The  circular  amputation.  This  is  circular  only  in  name;  it  is 
really  an  elliptical  amputation,  because  the  retraction  of  the  hamstring 
muscles  is  so  great  that  the  incision  must  reach  considerably  further 
down  on  the  posterior  surface  of  the  limb  than  on  the  anterior  in  order 
to  make  the  cut  edge  of  the  skin  horizontal  all  round  the  limb.  It  is 
only  suitable  for  the  lower  third  of  the  limb,  where  there  are  a  number 
.of  tendons  that  retract  well  out  of  the  way;  higher  up,  the  large  mus- 
cular masses  are  more  difficult  to  cut  so  as  to  ensure  a  good  stump. 

Operation.  The  patient  is  drawn  down  so  that  nearly  the  whole  of 
the  thigh  projects  beyond  the  end  of  the  table,  a  tourniquet  is  applied 
transversely  round  the  limb  just  below  the  fold  of  the  groin,  and  the 
other  leg  is  fastened  down  out  of  the  way.    The  surgeon  stands  on  the 
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patient's  right  of  the  limb  to  be  operated  upon,  and  grasps  the  limb  at 
the  level  of  the  bone  section  with  one  hand  and  makes  an  oblique  circular 
incision  round  the  limb  at  such  a  distance  below  this  point  that  the 
highest  point  of  the  incision  in  front  is  equal  to  a  quarter  of  the  cir- 
cumference of  the  thigh  at  the  point  of  bone  section :  this  will  be  four  to 
five  inches  in  an  ordinary  limb.  The  hand  is  passed  beneath  the  limb, 
which  is  rotated  away  from  the  surgeon  as  far  round  as  possible,  so  that 
the  heel  of  the  knife  is  near  the  junction  of  the  anterior  with  the  outer 
surfaces.  The  incision  is  marked  out  by  drawing  the  knife  gently  round 
the  limb  from  heel  to  point  until  the  circular  cut  is  complete  (see  Fig. 
63).  This  may  be  done  in  one  single  sweep,  or  in  two,  if  necessary;  in 
the  latter  case  the  knife  is  carried  in  the  reverse  direction,  joining  the 
commencement  of  the  first  incision  to  its  termination.  After  the  incision 
has  been  made,  it  is  deepened  evenly  through  the  fascia  all  round  so  that 
the  skin  can  retract  fully.  From  what  has  been  said  before,  it  will  be 
remembered  that  the  incision  through  the  skin  at  the  back  of  the  thigh 
will  be  nearly  two  and  a  half  inches  lower  down  than  that  on  the  front. 

The  cut  edge  of  the  skin  is  seized  in  the  left  thumb  and  index  finger 
and  raised  for  about  four  inches  all  round  by  circular  sweeps  of  the 
knife  which  divide  the  bands  of  subcutaneous  fibrous  tissue  put  on  the 
stretch  as  the  skin  is  raised.  The  knife  should  be  kept  strictly  at  right 
angles  to  the  surface  as  this  is  done.  This  allows  the  skin  to  be  pulled 
back  for  three  or  four  inches. 

The  knife  is  now  swept  around  the  limb  through  the  superficial 
muscles  in  close  contact  with  the  retracted  skin,  and  after  these  have 
been  thus  divided  and  have  retracted,  the  deeper  ones  are  divided  by 
another  circular  sweep  of  the  knife  as  near  the  proposed  point  of  bone 
section  as  possible;  finally  the  bone  is  cleared  up  to  the  point  at  which 
it  is  to  be  divided,  and  sawn  in  the  usual  way.  It  is  well  to  bevel  off 
the  linea  aspera  with  the  saw  or  a  chisel  (see  Fig.  144). 

It  is  not  always  possible  to  do  the  operation  exactly  as  it  is  described 
above.  In  muscular  subjects  and  when  there  is  inflammatory  effusion 
or  oedema  in  the  neighbourhood  of  the  operation,  the  soft  parts  cannot 
be  retracted  as  easily  as  the  above  description  would  lead  one  to  expect. 
In  these  cases,  therefore,  it  will  be  necessary  to  raise  and  turn  back  the 
skin  and  deep  fascia  for  the  first  three  inches  or  more.  This  may  be 
done  in  the  form  of  a  cuff,  but  if  there  be  any  difficulty  in  doing  this 
it  is  better  to  make  two  short  lateral  vertical  incisions  upward  from  the 
circular  incision,  and  thus  convert  the  amputation  into  one  by  equal 
antero-posterior  flaps. 

The  flaps  are  brought  together  and  united  as  antero-posterior  flaps, 
so  that  the  cicatrix  is  transverse.    A  large  drainage  tube  is  inserted  at 
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the  inner  end  of  the  incision.  Few  vessels  will  require  to  be  secured 
besides  the  femoral  artery  and  vein.  When  the  amputation  is  performed 
low  down  in  the  thigh  the  anastomotica  magna  (genu  suprema)  must 
be  tied;  when  higher  up,  the  profunda  and  the  perforating  arteries. 


Fig.  144.  Bevelling  tiir  Linea  Aspera  in  Amputation  through  the 
Femur.  The  soft  parts  are  kept  back  with  a  two-tailed  linen  retractor,  and  ihe 
iinea  aspera  is  shown  bevelled  off. 

Amputation  by  long  anterior  and  short  posterior  flaps. 

The  positions  of  the  patient  and  the  surgeon  are  the  same  as  in  the  pre- 
vious operation.  If  the  amputation  is  to  be  performed  at  or  below  the 
middle  of  the  thigh,  a  tourniquet  should  be  applied  horizontally  around 
the  limb  just  below  the  groin:  should  it  be  necessary  to  amputate  higher 
than  this,  however,  the  tourniquet  should  be  put  on  as  for  disarticulation 
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at  the  hip  (see  p.  363)  ;  if  applied  otherwise  the  parts  cannot  retract 
properly,  owing  to  the  compression  of  the  tourniquet.  In  connexion 
with  this  form  of  amputation  it  should  be  remembered  that  when  the 
bone  is  sawn  at  or  above  the  junction  of  the  middle  with  the  lower  third, 
the  femoral  artery  lies  exactly  beneath  the  junction  of  the  anterior  with 
the  posterior  flap,  and  that  therefore  it  is  liable  to  be  split  longitudinally 
by  the  knife.  This  is  not  a  really  serious  objection  provided  that  the 
surgeon  makes  a  complete  circular  incision  through  the  muscles  down 
to  the  bone  at  the  level  at  which  he  is  going  to  saw  the  latter,  but  in 
order  to  avoid  this  difficulty  the  flaps  are  often  raised  from  the  antero- 
external  and  postero-internal  aspects  of  the  limb  rather  than  from  the 
true  anterior  and  posterior  surfaces;  that  is  to  say,  the  point  at  which 
the  knife  is  entered  on  the  inner  side  of  the  limb  is  shifted  outwards 
about  an  inch  and  a  half,  and  the  other  extremity  of  the  incision  is  cor- 
respondingly altered.  It  was  not  uncommon  to  slit  the  artery  longi- 
tudinally when  it  was  the  fashion  to  cut  the  flaps  by  transfixion,  but  such 
an  accident  is  hardly  likely  to  happen  with  the  present-day  method  of 
cutting  the  flaps  from  without  inwards. 

The  left  forefinger  and  thumb  mark  out  the  terminal  points  of  the 
incision  on  a  level  with  the  point  of  bone  section.  A  large  U-shaped 
flap,  in  width  equal  to  full  half  the  circumference  of  the  limb  and  in 
length  the  full  antero-posterior  diameter  of  the  limb  at  the  point  of  bone 
section,  is  now  marked  out  through  the  skin  and  deep  fascia  in  the  usual 
way.  When  the  amputation  is  to  be  done  through  the  lower  third  of 
the  femur  this  will  bring  the  incision  well  down  over  the  patella.  The 
incision  is  commenced  by  leaning  over  the  limb,  which  is  rotated  to 
expose  its  lateral  aspect  properly  to  the  knife;  when  finishing  the  inci- 
sion, the  limb  is  rotated  away  from  the  surgeon.  It  is  best  to  use  a 
comparatively  short  amputating  knife,  one  of  six  inches  being  quite  long 
enough,  and  to  mark  out  the  incision,  not  with  the  point  of  the  knife, 
but  by  drawing  it  along  the  limb  with  a  gentle  sawing  movement,  using 
as  much  as  possible  of  the  cutting  edge. 

The  short  posterior  flap  is  marked  out  by  passing  the  arm  beneath 
the  thigh,  which  is  raised  by  the  assistant,  and  by  cutting  a  flap  rather 
more  than  one-third  the  length  of  the  anterior  (see  Fig.  145).  These 
incisions  are  carried  down  through  the  deep  fascia,  and  the  skin  is 
allowed  to  retract  fully.  The  edge  of  the  anterior  flap  is  now  pinched  up 
between  the  left  thumb  and  forefinger,  and  is  raised  by  a  few  gentle 
sweeps  of  the  knife  across  the  limb,  at  first  taking  up  only  the  deep 
fascia,  but  afterwards,  when  the  quadriceps  muscle  is  reached,  gradually 
taking  up  more  of  the  muscle  until  the  knife  has  been  carried  down  to 
the  bone  when  the  level  of  the  proposed  bone  section  is  reached   (see 
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Fig.  146).  This  flap  is  given  to  an  assistant,  who  holds  it  back  whilst 
the  posterior  one  is  raised.  In  this  case  the  tissues  are  cut  almost  directly 
down  to  the  bone  at  the  level  of  the  retracted  skin,  the  line  of  incision 
l>eing  obliquely  upwards;  while  this  is  being  done,  the  limb  should  be 
raised  almost  to  the  vertical.  When  the  amputation  is  in  the  lower  third 
of  the  femur  the  posterior  flap  may  be  cut  by  transfixion,  as  there  are 
only  tendons  to  be  divided.     The  flaps  are  retracted  by  a  two-tailed 


Fig.  145.  Amputation  through  the  Middle  of  the  Thigh  bv  Unequal 
Antkro-posterior  Flaps.  These  flaps  are  really  antero-extcrnal  and  postero- 
internal in  order  to  avoid  slitting  the  femoral  artery. 

retractor  (see  Fig.  144),  and  the  division  of  the  soft  parts  is  completed 
by  a  circular  sweep  of  the  knife  down  to  the  bone;  the  periosteum  is 
retracted  from  the  muscles  for  half  an  inch  or  more  and  the  bone  sawn, 
the  linea  aspera  being  rounded  off  as  already  described  (see  Fig.  144). 
After  the  operation  the  femoral  artery  will  have  to  be  ligatured,  and 
will  protiabjy  be  found  in  the  posterior  flap,  except  when  the  amputa- 
tion is  done  in  the  upper  third  of  the  thigh,  when  it  will  be  in  the  anterior 
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one.     The  other  vessels  divided  are  the  same  as  those  met  with  in  the 
previous  operation, 

A  large  drainage  tube  should  be  inserted  at  the  outer  angle  of  the 
wound  and  removed  at  the  end  of  three  days.  The  limb  should  be  sur- 
rounded by  Gooch's  splinting,  flexed  at  the  hip  and  placed  upon  a 
pillow:  the  bandages  securing  the  dressings  and  the  splint  must  pass 
round  the  pelvis,  as  otherwise  the  limb  may  be  drawn  right  out  of  the 


Fig.  146,  Cutting  the  Posterior  Flap  by  Transfixion  in  Amputation 
THROUGH  the  Lower  Third  OF  THE  Thigh.  The  anterior  flap  with  its  gradually 
increasing  amount  of  muscle  is  shown  reflected.  The  incision  for  the  posterior 
flap  has  been  made  through  the  skin,  and  the  knife  is  shown  transfixing  the  tissues 
behind  the  femur. 

dressings.  Deep  stout  silkworm-gut  sutures  will  be  required  to  keep 
the  heavy  flaps  in  position,  and  it  is  always  well  to  retain  these,  if  pos- 
sible, for  at  least  a  fortnight,  the  continuous  suture  being  left  in  for 
about  three  weeks. 

The  result  of  this  amputation  is  usually  good  if  a  fair  amount  of 
muscle  has  been  left  in  the  flap.  A  conical  stump,  however,  is  not 
uncommon  after  amputation  of  the  thigh,  especially  when  it  is  done  low 
down.  This  is  largely  due  to  the  great  contraction  of  the  posterior 
muscles. 
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DISARTICULATION  AT  THE  HIP- JOINT 

When  a  disarticulation  at  the  hip-joint  has  to  be  performed,  the 
immediate  risks  of  the  operation,  namely  death  from  shock  and  haemor- 
rhage, have  always  to  be  carefully  considered.  The  lower  the  division 
of  the  main  nerve  trunks  and  vessels  can  be  practised,  the  less  do  these 
risks  become.  Another  point  of  importance  not  to  be  lost  sight  of  is 
that  the  amputation  should  be  so  planned  that  the  wound  is  removed 
as  far  as  possible  from  the  perineum  and  the  anal  region.  It  is  always 
necessary  to  employ  drainage  in  these  cases,  and  when  a  drainage  tube 
has  to  be  inserted  in  regions  so  adjacent  to  sources  of  sepsis  as  they  are 
here,  the  risk  of  infection  is  very  great.  Lastly,  it  is  important  to  con- 
sider the  question  of  the  suitability  of  the  future  stump  for  bearing 
pressure.  In  all  disarticulations  at  the  hip-joint  the  weight  is  borne  by 
the  pelvis,  but  the  longer  the  stump  of  soft  parts  left,  the  firmer  the 
apparatus  fits  and  the  less  likelihood  there  is  of  its  slipping. 

For  all  these  reasons  some  form  of  the  operation  known  in  England 
as  Furneaux  Jordan's  is  to  be  preferred  whenever  it  can  be  adopted. 
This  operation  consists  essentially  in  amputating  as  low  down  as  pos- 
sible through  the  thigh,  and  then  enucleating  the  upper  end  of  the  femur 
from  the  soft  parts.  This  part  of  the  operation  may  be  performed  at  a 
later  period. 

By  adopting  this  method  the  shock  is  diminished,  as  the  nerves  are 
divided  at  a  comparatively  low  level,  the  control  of  haemorrhage  is 
easier,  as  it  is  possible  to  maintain  an  elastic  tourniquet  in  position  until 
all  the  principal  vessels  have  been  secured,  and  the  risk  of  subsequent 
sepsis  is  diminished,  as  the  wound  is  well  to  the  outer  side  of  the  limb, 
and  the  risk  of  septic  contamination  from  the  genital  region  is  consid- 
erably lessened.  The  stump  is  good  and  is  longer  than  that  left  after  the 
other  operations.    Therefore  it  should  always  be  performed,  if  possible. 

Indications.  Disarticulation  at  the  hip-joint  may  be  required  for 
the  following  conditions: — 

(i)  For  injury,  generally  in  the  form  of  gunshot  wounds  or  very 
extensive  crushes,  such  as  those  resulting  from  machinery  accidents.  In 
most  cases  of  injury  it  is  possible  to  save  a  certain  amount  of  the  femur, 
and  this  should  always  be  done,  if  possible,  as  it  adds  greatly  to  the 
strength  of  the  resulting  stump  and  an  artificial  limb  is  more  easily 
worn.  Disarticulation  will  be  required,  however,  in  those  injuries  when 
the  neck  of  the  bone  is  shattered. 

(ii)  For  growths  of  the  femur.  All  sarcomata  of  the  femur,  with 
the  exception  of  myeloid  tumours  of  the  lower  end  of  the  bone,  call  for 
complete  removal  of  the  femur,  and  a  disarticulation  at  the  hip-joint  is 
therefore  necessary. 
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(iii)  After  failure  of  excision  of  the  hip  for  tuberculous  disease.  It 
is  not  uncommon  for  profuse  suppuration,  with  commencing  lardaceous 
disease,  to  persist  in  spite  of  excision  of  the  hip.  In  these  cases  removal 
of  the  limb  not  only  favours  satisfactory  drainage,  but  enables  the  sur- 
geon to  get  freer  access  to  the  tuberculous  mischief  in  the  acetabulum  or 
the  pelvis,  and  a  cure  not  infrequently  results. 

Choice  of  operation.  In  all  cases  in  which  it  can  be  practised  the 
operation  known  as  Furneaux  Jordan's,  or  some  modification  of  it, 
should  be  employed.  The  diminution  in  the  immediate  mortality  from 
shock  and  haemorrhage  is  very  striking.  It  is  only  when  the  soft  parts 
are  too  much  damaged  or  when  they  are  encroached  upon  by  a  growth 
that  any  of  the  other  amputations  should  be  adopted. 

Methods  of  controlling  haemorrhage  during  the  operation. 

The  sources  of  bleeding  in  these  amputations  are  numerous;  in  front 
are  the  superficial  and  de^  femoral  vessels,  while  behind  are  the  large 
gluteal  artery  and  the  smaller  sciatic,  as  well  as  the  considerable  cir- 
cumflex vessels  on  the  inner  and  outer  sides.  It  is  this  free  arterial 
supply  that  makes  the  risk  of  haemorrhage  so  great,  and  it  is  therefore 
a  matter  of  importance  to  adopt  the  best  way  of  preventing  it.  In 
Furneaux  Jordan's  amputation  it  is  possible,  should  the  surgeon  desire 
it,  to  command  the  circulation  during  the  first  part  of  the  operation  by 
means  of  a  circular  india-rubber  bandage  applied  horizontally  round  the 
thigh  below  the  groin;  but  this  only  suffices  until  the  vessels  have  been 
secured  after  the  circular  part  of  the  amputation,  and  has  to  be  removed 
while  enucleation  of  the  upper  end  of  the  bone  is  proceeding.  A 
number  of  methods  have  been  employed,  of  which  the  following  are  the 

most  useful: — 

(a)  Compression  of  the  vessels  by  a  figure-of-eight  elastic  tour- 
niquet. For  the  proper  application  of  this  method  an  assistant  should  be 
told  oflF  specially  to  look  after  it,  but  if  the  surgeon  be  short-handed,  it  is 
possible  to  use  it  without  the  aid  of  an  assistant.  It  is  used  as  follows : 
a  piece  of  india-rubber  tubing,  the  same  thickness  as  that  used  for  the 
horizontal  elastic  band  in  Esmarch's  tourniquet  and  about  four  feet  long, 
is  put  firmly  on  the  stretch  and  its  centre  applied  over  the  tendon  of  the 
adductor  longus  just  at  the  fold  of  the  groin;  thence  it  is  carried  for- 
wards nearly  parallel  to  Poupart's  ligament  and  backwards  across  the 
great  sacro-sciatic  notch,  the  two  limbs  meeting  and  crossing  immedi- 
ately above  the  crest  of  the  ilium  about  two  inches  outside  the  anterior 
superior  spine.  •  To  make  the  compression  of  the  vessels  more  certain  a 
firm  sterilized  pad  may  l^e  applied  over  the  line  of  the  common  femoral 
in  front  and  the  gluteal  behind  (see  Fig.  147).  The  ends  of  the  tourni- 
quet, which  should  be  sterilized  by  boilin^^,  are  then  twisted  round  one 
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another  and  pulled  forcibly  upwards  by  the  assistant  whose  duty  it  is  to 
see  that  neither  the  anterior  nor  the  posterior  pad  shps  during  the  opera- 
tion, and  to  increase  the  tension  on  the  tourniquet  if  necessary.  If  no 
assistant  be  available  a  large  pad  should  be  placed  across  the  crest  of  the 
ilium,  and  the  two  limbs  of  the  tourniquet  made  to  cross  over  it,  and  the 
ends  should  then  be  carried  horizontally  round  the  trunk  and  tied  together 
firmly  over  another  large  jiad  on  the  opposite  side  in  the  interval  between 
the  trochanter  and  the  crest  of  the  ilium.  A  tourniquet  applied  in  this 
way  controls  the  sources  of  bleeding  front  and  back  quite  satisfactorily. 
In  all  cases  the  limb  should  be  elevated  for  five  minutes  Iwfore  the 


Fig.  147.  India-rubber  Tourniquet  applied  for  Disarticulation  at  the 
Hip-joint.  A  pad  is  applied  over  the  femoral  artery  and  a  loop  of  bandage  is 
passed  beneath  the  crossing  of  the  cord  in  order  to  prevent  its  slipping;  one  limb 
of  the  loop  should  pass  behind  the  thorax,  the  other  in  front  of  it. 

tourniquet  is  applied,  in  order  to  empty  it  of  blood;  after  the  tourniquet 
has  been  put  on,  the  amount  of  compression  may  be  gauged  by  feeling 
for  the  pulse  in  the  arteries  of  the  foot.  If  there  be  no  assistant  to  whom 
the  management  of  the  tourniquet  can  be  specially  delegated,  or  if  the 
patient  be  fat  and  there  be  a  risk  of  its  slipping,  a  simple  way  of  keep- 
ing it  in  place  is  to  take  a  long  loop  of  bandage,  pass  it  beneath  the 
tourniquet,  and  lo  carry  the  two  ends,  one  behind  the  badi  and  the  other 
across  the  chest,  and  to  tie  them  together  over  the  opposite  shoulder  so  as 
to  form  a  loop  or  sling  which  prevents  the  tourniquet  from  becoming 
displaced.     Another  way  to  prevent  displacement  when  an  assistant  is 
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available  is  to  apply  the  tourniquet  in  the  figure-of-eight  already 
described,  and  then  to  pass  sterilized  strips  of  bandage  beneath  the  tour- 
niquet over  the  femoral  and  gluteal  vessels,  which  the  assistant  can  pull 
upon  and  so  prevent  the  tourniquet  from  slipping  down.  There  is  a 
constant  tendency  for  the  rubber  bandage  to  slip  during  the  latter  part 
of  the  operation,  as  the  disarticulation  tends  to  displace  it. 

The  chief  drawbacks  to  this  really  excellent  plan  of  controlling 
bleeding  in  these  severe  operations  are  three  in  number.  Firstly,  it 
requires  an  assistant  specially  told  off  to  look  after  it.  Secondly,  there 
is  the  well-known  persistent  paralytic  oozing  after  its  removal;  objec- 
tionable as  this  feature  is  in  any  operation,  it  becomes  doubly  dangerous 
at  the  hip  when  we  remember  the  great  size  of  the  oozing  surfaces. 
Thirdly,  the  rubber  tubing  is  apt  to  perish  unless  it  is  kept  in  water  and 
in  the  dark,  and  at  the  last  moment  the  surgeon  may  be  deceived  by 
the  tourniquet  upon  which  he  has  been  relying. 

(6)  Compression  of  the  abdominal  aorta.  This  is  a  simple  and 
effective  method  in  children.  In  adults,  however,  it  can  only  be  satis- 
factorily employed  in  very  spare  subjects,  and  is  difficult  in  those  who 
cough  or  strain  under  the  anaesthetic.  It  may  be  effected  according  to 
either  Macewen's  or  Lister's  method.  Ir^  the  former  the  assistant  stands 
on  the  left  side  of  the  patient  on  a  level  with  the  umbilicus  with  his  back 
to  the  patient's  head,  and  thrusts  his  closed  fist  down  upon  the  aorta,  so 
as  to  compress  it  against  the  spine  just  to  the  left  of  the  middle  line  and 
immediately  below  the  umbilicus.  It  is  well  for  the  assistant  to  stand 
upon  a  stool  on  his  left  foot  so  that  he  can  exert  any  amount  of  pressure 
required  with  ease  by  simply  leaning  more  of  his  weight  on  his  right 
hand ;  he  can  easily  gauge  the  pressure  he  is  exerting  by  feeling  for  pul- 
sation at  Poupart's  ligament.    This  method  is  applicable  to  adults. 

Another  very  useful  plan  is  Lister's  method,  which  is  most  suitable 
for  children  or  for  very  spare  subjects.  A  piece  of  stout  board,  which 
should  project  nearly  a  foot  beyond  the  trunk  on  each  side,  is  passed 
beneath  the  back  on  a  level  with  the  umbilicus,  a  firm  pad  is  placed  over 
the- aorta  a  little  to  the  left  of  the  middle  line  and  just  below  the 
umbilicus,  and  stout  india-rubber  tubing  is  then  stretched  across  the  pad 
on  the  front  of  the  patient's  abdomen  like  the  string  of  the  bow  from 
one  end  of  the  board  to  the  other.  Suitable  notches  or  holes  are  cut  in 
the  ends  of  the  board  to  secure  the  tubing. 

Neither  of  these  methods  is  likely  to  cause  damage  to  the  soft  parts 
if  the  pressure  be  judiciously  exerted.  Both  are  therefore  preferable  to 
compression  by  any  unyielding  instrument  such  as  Lister's  abdominal 
tourniquet  or  digital  compression  reinforced  by  heavy  weights. 

(c)  Preliminary  ligature  of  the  common  femoral  artery.    When  the 
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incision  for  the  disarticulation  is  begun  in  the  immediate  vicinity  of 
Poupart*s  ligament  attempts  to  control  the  vessel  by  pressure  directly 
over  it  would  be  futile.  The  best  plan,  then,  is  to  cut  down  upon  the 
common  femoral  vessels  at  the  commencement  of  the  operation,  divide 
them  between  ligatures,  and  push  the  ends  well  out  of  the  way;  the 
remaining  steps  of  the  operation  can  then  be  completed  without  fear  of 
bleeding  from  these  vessels  or  their  branches.  The  only  arteries  likely 
to  give  rise  to  trouble  will  be  the  gluteal  and  sciatic,  but  it  is  easy  to  pick 
up  these  as  they  are  divided  if  a  watch  be  kept  for  them. 

These  are  the  chief  methods  of  controlling  the  haemorrhage,  and  one 
or  other  will  generally  suffice.  . 

FURNEAUX  JORDAN'S  OPERATION 

The  following  method  will,  on  the  whole,  be  found  the  best  for  per- 
forming this  amputation.  There  are  several  ways  of  doing  vyhat  is 
known  as  Furneaux  Jordan's  amputation;  Mr.  F.  Jordan's  original 
description  will  be  found  in  his  Surgical  Enquiries. 

Operation.  The  surgeon  in  each  case  stands  on  the  outer  side  of 
the  limb.  After  the  figure-of-eight  india-rubber  tourniquet  or  some 
other  suitable  haemostatic  means  has  been  applied,  the  patient  is  drawn 
right  down  the  table,  so  that  nearly  the  whole  of  the  pelvis  projects 
beyond  its  end,  and  is  turned  half  over  on  to  the  opposite  side.  Care 
must  be  taken  that  the  patient  does  not  slip  off  the  table  during  the 
various  manipulations  incident  to  the  operation,  and  in  order  to  prevent 
this  it  is  a  good  plan  to  pass  a  sterilized  roller  towel  round  the  perineum 
and  secure  it  to  the  head  of  the  table. 

I  have  found  it  an  excellent  plan  to  elevate  the  lower  end  of  the 
table  in  these  cases  until  the  patient  is  almost  in  the  Trendelenburg  posi- 
tion. This  serves  a  double  purpose;  it  prevents  the  patient  from  slipping 
off  the  table  and  also  tends  to  minimize  the  loss  of  blood  and  mitigate 
the  severity  of  the  shock.  If  the  operating  table  is  adjustable  in  height 
it  is  lowered  as  much  as  possible  so  as  to  bring  the  pelvis  on  a  level  with 
the  surgeon's  elbows,  but  if  not  the  surgeon  will  have  to  stand  upon  a 
stool  of  suitable  height. 

Every  possible  precaution  must  be  taken  against  shock ;  the  tempera- 
ture of  the  operating  theatre  must  not  be  less  than  70°  F.,  all  bleeding 
vessels  should  be  picked  up  as  they  are  seen,  and  the  steps  of  the  opera- 
tion should  be  performed  as  rapidly  as  possible.  The  question  of  making 
use  of  spinal  analgesia  (see  p.  118)  must  be  carefully  considered  in  all 
these  cases.  There  seems  to  be  evidence  accumulating  to  the  effect  that 
it  lessens  the  shock  in  these  very  grave  cases.  It  should  certainly  be  used 
for  traumatic  cases. 
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The  surgeon  passes  his  arm  beneath  the  affected  limb  and  divides 
the  skin  as  low  down  the  thigh  as  he  deems  advisable  by  a  circular 
sweep;  if  possible  this  should  be  at  least  eight  inches  below  the  top  of 
the  great  trochanter.  "The  first  incision  only  goes  through  the  skin  and 
deep  fascia,  which  are  raised  for  about  two  inches  by  a  few  touches  of 
the  knife.  The  skin  is  then  retracted  as  firmly  as  possible,  and  the 
muscles  are  divided  down  to  the  bone  by  a  circular  sweep  of  the  knife, 
the  femoral  vessels  being  cut  at  the  same  time.  The  vessels  are  secured 
either  in  forceps  or  by  ligatures  before  the  remaining  stages  of  the  opera- 


FiG.  148.  Incision  for  Furneaux  Jordan's  Disarticulation  at  the  Hip. 
The  two  dots  are  placed  respectively  upon  the  level  of  the  crest  of  the  ilium  and 
the  top  of  the  great  trochanter. 


tion  are  proceeded  with;  they  are  easily  visible,  and  can  be  picked  up 
without  difficulty.  When  this  has  been  done,  a  vertical  incision  (see 
Fig.  148)  from  the  circular  incision  up  to  the  mid-point  between  the 
great  trochanter  and  the  crest  of  the  ilium  is  made  over  the  outer  surface 
of  the  femur,  and  the  soft  parts  are  rapidly  stripped  off  the  bone  up  to 
the  level  of  the  lesser  trochanter.  These  stages  of  the  operation  may 
be  done  with  the  long  knife  which  will  be  necessary  for  the  circular  divi- 
sion of  the  muscles.     A  few  touches  suffice  for  the  separation,  except 
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behind,  where  the  muscles  arise  from  the  linea  aspera;  the  knife  may  be 
used  freely  here.  The  advantage  of  marking  out  the  skin  incision  first 
is  that  this  structure  is  allowed  to  retract  to  its  full  extent,  and  the  inci- 
sion through  the  muscles  is  made  on  a  higher  level  than  it  would  other- 
wise be;  this  enables  the  flaps  to  be  brought  together  more  neatly. 

The  amputating  knife  is  now  exchanged  for  a  short-bladed  stout 
scalpel,  with  which  the  remaining  steps  of  the  operation  are  performed. 
The  best  way  to  disarticulate  is  to  have  the  limb  abducted,  rotated  some- 
what outwards  and  slightly  depressed,  when  the  psoas  and  iliacus  can 
be  divided  at  their  insertion  into  the  lesser  trochanter,  and  the  front  of 
the  neck  of  the  femur  and  the  capsule  of  the  hip-joint  are  readily  exposed. 
The  latter  is  incised  and  the  cotyloid  ligament  is  divided  by  cutting  firmly 


Fig.  149.    Stump  left  after  Fuhneaux  Jordan's  Amputation. 

down  to  the  bone  with  the  point  of  the  knife,  the  long  axis  of  which  is 
kept  strictly  parallel  to  the  long  axis  of  the  neck  of  the  femur  (see  Fig. 
152).  The  assistant  is  now  instructed  to  depress  the  limb  still  further 
and  rotate  it  forcibly  outwards,  when  the  head  of  the  Iwne  comes  out 
of  the  acetabulum,  and  the  ligamentum  teres  can  i)e  divided.  The  head 
of  the  bone  sliould  l>e  grasped  in  the  left  hand  and  the  muscles  attached 
to  the  great  tuberosity  divitled  by  the  knife  passed  l}ehind  it. 

The  raw  surfaces  of  the  large  wound  thus  left  are  approximated  as 
well  as  possible  by  deep  sutures  of  stout  silkworm-gut.  One  or  two 
large  drainage  tuljes  are  inserted  according  to  the  nature  of  the  mischief 
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for  which  the  amputation  is  performed,  and  the  edges  of  the  flaps  are 
brought  together  with  continuous  sutures  (see  Fig.  149).  One  large 
drainage  tube  at  the  lower  end  of  the  wound  suffices  for  cases  of  growth 
or  injury,  but  in  a  septic  case  a  second  large  tube  should  be  inserted  at 
the  upper  end,  passing  horizontally  to  the  region  of  the  acetabulum. 

There  are  certain  special  points  in  connexion  with  this  operation 
which  require  mention. 

When  amputating  on  the  right  side  the  vertical  limb  of  the  incision 
is  best  made  from  above  downwards,  the  point  of  the  knife  being  sunk 
down  to  the  bone  midway  between  the  top  of  the  great  trochanter  and 
the  crest  of  the  ilium.    Upon  the  left  side,  however,  the  vertical  incision 


Fig.  150.  Improved  Method  of  marking  out  the  Flaps  in  Fukneaux 
Jordan's  Amputation,  This,  taken  in  conjunction  with  Fig.  148,  is  the  method 
of  incision  described  in  the  text. 

should  be  carried  upwards  from  the  circular  amputation  to  the  same 
point. 

If  the  instructions  for  the  amputation  given  above  are  followed  out 
strictly,  the  resulting  stump  is  a  little  clumsy,  as  the  muscles  tend  to 
protrude  through  the  edges  of  the  skin  and  render  suturing  diflicult. 
I  find  it  preferable  to  modify  the  operation  somewhat  in  order  to  obtain 
a  more  satisfactory  stump.  For  instance,  when  operating  upon  the  right 
side  the  arm  is  passed  beneath  the  limb  and  an  incision  is  made  across 
the  back  of  the  thigh  from  the  mid-point  on  the  inner  aspect  of  the  limb 
to  the  currespnnding  point  on  the  outer;  this  incision  is  boldly  convex 
downwards  and  marks  out  a  curved   posterior  flap,   but  it  only  goes 
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through  the  skin  and  deep  fascia.  When  the  mid-poiiit  on  the  outer 
aspect  of  the  thigh  is  reached,  the  incision  is  carried  vertically  up  the 
limb  and  ends  midway  between  the  top  of  the  great  trochanter  and  the 
iliac  crest.  Then,  by  bending  over  the  thigh,  an  anterior  flap  is  marked 
out  similar  to  the  one  behind  and  joining  it  at  the  commencement  of  the 
vertical  incision  along  the  outer  surface  of  the  thigh.  This  gives  a  better 
racket-shaped  incision  than  the  other  (see  Fig.  150),  and  a  much  neater 
stump  results  if  these  antero-posterior  flaps,  consisting  of  skin  and  sub- 
cutaneous tissues,  be  raised  for  the  first  two  inches,  and  the  muscles  then 
divided  by  a  circular  sweep.  When  operating  upon  the  left  limb  it  is 
easier  to  cut  the  anterior  flap  first  and  then  prolong  this  up  into  the 
vertical  incision,  and  finally  to  cut  the  posterior  flap.  The  remaining 
stages  of  the  operation  are  similar  to  those  already  described  (  see 

p.  368). 

In  amputations  done  for  a  failed  excision  of  the  hip  the  operation  is 
easier,  as  the  head  of  the  bone  does  not  require  to  be  disarticulated;  this 
is  the  difficult  part  of  the  ordinary  operation  for  the  beginner.  In  these 
cases,  however,  the  operation  is  often  a  very  long  one,  as  it  is  necessary 
to  cut  away  all  sinuses  and  foci  of  disease,  and  the  acetabulum  will 
require  to  be  gouged  out,  while  any  intra-pelvic  abscess  must  be  opened 
up  and  drained.  If  there  be  extensive  disease  that  cannot  be  got  cleanly 
away,  undiluted  carbolic  acid  may  be  applied  to  the  diseased  surfaces 
and  the  wound  left  widely  open  and  stuflfed  with  iodoformed  *  gauze. 
It  is  useless  merely  to  put  in  large  drainage  tubes  and  trust  to  the  disease 
subsiding. 

The  difficulty  of  opening  the  capsule  of  the  hip-joint  and  disarticu- 
lating rapidly  is  best  got  over  by  keeping  the  long  axis  of  the  knife 
parallel  to  that  of  the  neck  of  the  femur ;  this  divides  the  cotyloid  liga- 
ment transversely,  and  a  slight  depression  of  the  limb  will  then  cause 
the  head  of  the  bone  to  start  out  of  its  socket. 

If  the  patient  be  obviously  suffering  seriously  from  shock  during  the 
operation,  the  final  stages  should  be  carried  out  in  the  Trendelenburg 
position,  while  at  the  same  time  an  injection  of  two  pints  of  normal 
saline  solution  should  be  given  per  rectum;  if  necessary  this  quantity 
or  more  may  be  administered  subcutaneously  or  even  intra-venously. 

AMPUTATION   BY   LATERAL   FLAPS— THE    SO-CALLED   ANTERIOR 

RACKET  METHOD 

This  is  an  excellent  amputation  for  cases  in  which  the  conditions  do 
not  allow  of  Furneaux  Jordan's  amputation  being  done;  for  example, 

'  By  this  term  is  understood  cyanide  gauze  impregnated  with  sterilized  iodo- 
form. The  iodoform  is  sterilized  by  prolonged  submersion  in  i  in  20  carbolic 
lotion  and  is  then  powdered  freely  over  the  moistened  cyanide  gauze. 
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cases  in  which  there  is  extensive  damage  to  the  soft  parts,  or  those  of 
growth  implicating  the  tissues  of  the  thigh  too  high  up  to  allow  Furneaux 
Jordan's  long  flaps  to  be  cut.  The  operation  is  accompanied  by  more 
shock  than  the  preceding  one,  and  special  precautions  must  be  taken  to 
minimize  this;  it  is  well  to  do  it  under  spinal  analgesia  in  most  cases, 
certainly  in  those  where  the  operation  is  done  for  an  injury. 

The  first  stage  of  the  operation  is  exposure  of  the  common  femoral 
vessels  and  their  division  between  ligatures,  the  two  ends  being  pushed 
aside  out  of  the  way  of  damage  during  the  later  stages  of  the  opera- 
tion ;  for  the  steps  of  this  see  p.  452.    The  patient  is  then  brought  down 


the  table  so  that  the  buttocks  project  well  beyond  it.  and  the  surgeon, 
standing  on  the  patient's  right  of  the  limb  to  be  operated  upon,  prolongs 
the  incision  for  ligature  of  the  femoral  vertically  downwards  for  a  short 
distance  and  then  carries  the  knife  across  the  inner  aspect  of  the  thigh 
a  good  four  inches  below  the  fold  of  the  groin,  and  makes  it  traverse 
the  posterior  surface  of  the  thigh  obliciuely  upwards  and  outwards  until 
it  reaches  the  outer  aspect  of  the  limb,  across  which  it  passes  on  a  level 
*  with  the  base  of  the  great  trochanter  to  reach  the  vertical  incision  made 
for  ligature  of  the  common  femoral  about  an  inch  below  Poupart's  liga- 
ment (see  Fig.   151). 

The  incision  is  carried  through  the  deep  fascia  all  round  so  as  to  allow 
the  skin  to  retract,  and  the  surgeon  then  takes  a  shorter  knife  and  divides 
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the  muscles.  The  sartorius,  rectus,  and  tensor  fasciae  femoris  are  divided 
in  turn,  and  then  the  assistant  flexes  the  thigh,  rotates  it  inwards  and 
adducts  it,  whilst  the  surgeon  divides  the  insertion  of  the  gluteus  maxi- 
mus.    The  limb  is  then  adducted  and  rotated  inwards  still  more  forcibly. 


Fig.  152.  Disarticulation  at  the  Hip  by  the  Anterior  Racket  Method. 
The  knife  is  dividing  the  cotyloid  ligament  so  as  to  allow  the  head  of  the  bone  to 
escape  from  the  acetabulum.  It  will  be  noticed  that  its  long  axis  is  kept  parallel 
with  the  neck  of  the  femur. 


the  outer  flap  is  pulled  well  up  behind  the  great  trochanter,  and  the  knife 
is  passed  behind  this  process,  dividing  the  muscles  attached  to  it. 

The  muscles  of  the  inner  flap  are  next  divided  down  to  the  bone, 
and  the  limb  is  abducted  and  rotated  outwards,  so  as  to  expose  the  lesser 
trochanter,  from  which  the  ilio-psoas  is  detached.  The  assistant  abducts 
the  limb  still  more  firmly  and  depresses  it  somewhat,  whilst  the  surgeon 
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divides  the  cotyloid  ligament  with  the  point  of  his  knife,  the  long  axis 
of  which  is  kept  parallel  with  the  long  axis  of  the  neck  of  the  bone  (see 
Fig.  152).  If  the  limb  be  depressed  still  further,  the  head  of  the  bone 
will  now  start  out  of  the  joint,  and  the  surgeon  can  seize  it  in  his  left 
hand,  pass  his  knife  behind  it,  and  divide  the  capsule  sufficiently  to  let 
it  come  well  forward.  He  then  takes  a  long  knife,  passes  it  behind  the 
head  of  the  bone,  and  divides  from  within  outwards  all  the  structures 


Fig.  153.  Flaps  left  after  Disarticulation  at  the  Hip  by  the  Anterior 
Racket  Method.  It  will  be  noticed  that  the  flaps  on  the  inner  side  are  much 
longer  than  those  on  the  outer,  and  the  result  when  sewn  up  is  shown  in  Fig.  154. 

that  have  escaped  division  on  the  posterior  surface.  There  will  be  some 
bleeding  here  from  the  branches  of  the  gluteal  and  sciatic  vessels,  which 
must  be  arrested  by  picking  up  the  vessels  as  they  are  divided. 

When  the  flaps  are  brought  together  the  cicatrix  is  well  to  the  outer 
side  and  away  from  the  genital  region  (see  Fig.  154).  A  large  drainage 
tube  is  inserted  at  the  extreme  outer  end  of  the  wound,  and  the  flaps  are 
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kept  together  by  deep  sutures  of  stout  silkworm -gut,  reinforced  by  a 
continuous  skin  suture. 

The  only  other  disarticulation  in  this  situation  that  requires  mention 
is  that  by  transfixion;  in  this  operation  the  flaps  are  antero-posterior. 


Fig.  154.  Stump  after  Disabticulation  at  the  Hip-joint  by  the  Ante- 
rior Racket  Method.  The  line  of  the  cicatrix  is  well  away  from  the  genital 
region. 

This  method  offers  no  advantage  over  the  others  save  that  of  rapidity, 
and,  as  it  has  many  disadvantages,  such  as  bleeding  and  the  increased 
risk  of  sepsis,  it  is  not  to  be  recommended  and  will  not  be  described.  It 
can  only  be  called  for  upon  the  field  of  battle,  and  then,  except  in  the 
hands  of  a  surgeon  who  has  practised  it  exclusively,  would  probably 
prove  far  more  dangerous  than  either  of  the  methods  already  described- 
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CHAPTER  I 
ARTERIORRHAPHY 

The  work  of  Senn  upon  suture  of  blood-vessels  first  drew  the  atten- 
tion of  surgeons  prominently  to  the  fact  that  it  might  be  possible  to 
suture  a  wound  in  the  wall  of  an  artery  with  a  good  prospect  of  maintain- 
ing the  circulation  through  the  vessel  unimpaired,  and  without  giving 
rise  subsequently  to  an  aneurysmal  dilatation  of  the  vessel  wall.  The 
old  view  that  a  cicatrix  in  the  wall  of  an  artery  must  lead  to  the  produc- 
tion of  an  aneurysm  was  therefore  proved  to  be  fallacious ;  the  explana- 
tion of  the  frequency  with  which  wounds  of  an  artery  are  followed  by 
aneurysm  is  probably  to  be  found  in  the  fact  that  when  the  edges  of 
the  wound  are  not  brought  together  healing  cannot  occur. 

Indications.  It  is  obvious  that  arteriorrhaphy  can  be  only  rarely 
required,  but  under  certain  circumstances  it  would  be  most  advantageous 
to  be  able  to  sew  up  a  wound  in  the  wall  of  an  artery  and  thereby  avoid 
the  risk  of  gangrene  which  occlusion  of  a  large  artery  may  entail.  The 
chief  conditions  under  which  operation  may  be  called  for  are : — 

(i)  Wounds  of  the  large  arterial  trunks.  These  are  not  very  com- 
mon, and  will  probably  be  accidental  wounds  occurring  in  the  course  of 
surgical  operations,  such  as  a  wound  of  the  common  carotid  in  opera- 
tions for  removal  of  glands  in  the  neck,  wounds  of  the  axillary  artery  in 
breast  operations,  &c.  Occasionally  it  may  be  possible  to  suture  punc- 
tured wounds  of  one  of  the  big  vessels  when  compression  has  been  applied 
to  the  bleeding  point  in  time  to  prevent  the  patient  from  dying  before 
help  can  be  obtained.  Under  these  circumstances  the  operation  should 
find  one  of  its  most  valuable  applications. 

(ii)  For  the  removal  of  an  embolus  blocking  one  of  the  large  arterial 
trunks,  in  order  to  remove  the  clot,  re-establish  the  circulation,  and 
obviate  the  embolic  gangrene  that  is  otherwise  sure  to  follow.  This 
operation  has  been  done  more  than  once,  but  hitherto  with  very  little 
success  (Sampson  Handley,^  Brit.  Med.  Journ.,  1907,  vol.  ii,  p.  702). 
The  weak  point  in  the  procedure  is  that  the  embolus  is  usually  infective 
and  due  to  infective  endocarditis,  so  that,  even  when  the  anatomical  con- 
ditions allow  of  free  access  to  and  easy  removal  of  the  clot,  the  arterial 

*  Mr.  Handley  narrates  an  interesting  case  in  which  he  attempted  to  unblock 
the  femoral  artery,  which  was  filled  with  an  embolus  derived  from  the  seat  of  an 
operation  for  strangulated  hernia.  In  order  to  do  this  the  aorta  was  compressed, 
and  a  stream  of  saline  solution  was  injected  through  the  profunda,  which  was  cut 
across,  by  means  of  a  ureteral  catheter  passed  as  high  up  as  the  aorta.    Free  bleed- 
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wall  will  have  become  infected  and  septic  thrombosis  will  follow  the 
removal  of  the  embolus.  It  is,  however,  possible  that,  even  when  this  is 
the  case,  the  time  gained  might  allow  the  collateral  circulation  to  become 
established  and  the  gangrene  therefore  averted,  or  its  progress  arrested. 

(iii)  If  the  recently  introduced  method  of  treating  incipient  gangrene 
from  defective  arterial  supply  by  reversal  of  the  circulation  of  the  limb 
prove  of  practical  service,  arteriorrhaphy  will  become  an  important 
operation  of  surgery. 

Various  plans  have  been  adopted  for  suturing  incisions  in  arteries, 
and  also  for  their  end-to-end  anastomosis  after  division.  Of  these  the 
earliest  methods  were  the  through-and-through  suture  for  closing  wounds, 
taking  up  all  the  coats  of  the  vessel  on  each  side  of  the  incision,  and 
the  invagination  method  of  Murphy  for  end-to-end  union;  in  this  the 
proximal  was  invaginated  into  the  distal  end  so  as  to  get  a  firm  joint, 
and  the  overlapping  distal  end  was  sewn  to  the  wall  of  the  invaginated 
part,  taking  up  the  two  outer  coats  only.  This  method,  however,  is 
not  only  tedious  and  difficult  to  perform,  but  the  rough  divided  end  of 
the  proximal  invaginated  portion  projects  into  the  lumen  of  the  vessel, 
and  allows  fibrin  ferment  to  escape  into  the  circulation,  with  the  result 
that  thrombosis  follows.  It  has  been  evident  for  some  time  that  the 
earlier  plan  of  introducing  foreign  bodies  into  the  lumen  of  the  artery 
for  the  purpose  of  supporting  the  suture  is  quite  inadmissible,  as  coagu- 
lation is  almost  certain  to  follow. 

As  an  improvement  upon  this  method  a  suture  was  used  in  which 
the  thread  did  not  project  into  the  blood-stream  and  so  act  as  a  foreign 
body  promoting  coagulation;  it  closely  resembled  Lembert's  and  pene- 
trated only  the  outer  and  middle  coats  of  the  vessel,  thus  invaginating 
its  walls  somewhat.  This  method,,  however,  was  soon  found  to  have 
two  definite  risks.  The  first  was  that  the  blood  was  apt  to  find  its  way 
between  the  coats  of  the  artery  and  cause  a  dissecting  aneurysm;  the 
second  was  that  the  rough  edge  of  the  divided  intima  allowed  the  dis- 
charge of  fibrin  ferment  into  the  circulation  and  promoted  coagulation. 
The  results  were  therefore  generally  poor.  Dorrance,  however  {Annals 
of  Surgery,  1906,  vol.  xlv,  p.  409),  improving  upon  the  work  of  Carrel 
and  others,  has  introduced  a  method  of  suture  which  is  devoid  of  all  the 
drawbacks  above  mentioned,  and  is  the  best  with  which  the  writer  is 
acquainted.     It  is  done  as  follows: — 

ing  from  the  profunda  followed,  but,  as  the  superficial  femoral  remained  blocked, 
the  popliteal  was  opened,  the  common  femoral  compressed,  and  the  superficial 
femoral  washed  out  from  the  profunda.  Unfortunately  the  patient's  condition  did 
not  allow  this  part  of  the  operation  to  be  completed.  Mr.  Handley  did  not  incise  the 
artery  directly,  but  this  would  be  a  quicker  and  probably  a  more  effective  method. 
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Operation.  The  vessel  is  exposed  for  a  distance  of  an  inch  or  more 
on  each  side  of  the  wound  in  it,  and  is  clamped  with  suitable  artery 
clamps,  such  as  Crile*s  (see  Fig.  155),  the  blades  of  which  are  covered 
with  rubber  tubing.  Only  the  right  amount  of  pressure  required  to  arrest 
the  circulation  should  be  exerted,  and  to  ensure  this  the  clamps  should  be 
screwed  down  until  the  bleeding  from  the  wound  in  the  vessel  just  stops. 
If  Crile's  clamps  are  not  at  hand  a  satisfactory  substitute  is  a  piece  of 
sterilized  tape  about  a  quarter  of  an  inch  broad,  which  is  passed  under  the 
vessel  whilst  the  assistant  places  the  pulp  of  his  forefinger  upon  the  upper 
surface  of  the  artery  and  pulls  the  tape  loop  gently  tight  against  it;  this 
will  arrest  the  circulation  without  damaging  the  arterial  wall.  Silk  may 
be  used  instead  of  tape,  but  the  latter  exerts  pressure  over  a  wider  area, 
and  so  is  less  liable  to  cause  local  damage  to  the  arterial  wall.    It  has  been 


Fig.  155.  Chile's  Artery  Compression  Clamps.  These  are  of  two  shapes, 
straight  and  curved,  so  as  to  facilitate  application  to  different  arteries ;  it  is  usual 
to  sheath  the  limbs  of  the  clamp  with  rubber  tubing.  The  lower  arm  passes 
beneath  the  artery,  the  upper  one  acts  as  the  compressor.  The  drawing  is  full 
size,  and  it  will  therefore  be  seen  that  the  clamp  does  not  get  in  the  way;  indeed, 
when  it  is  employed  for  the  temporary  compression  of  the  carotid  artery  for 
removal  of  growths  in  connexion  with  the  buccal  cavity,  the  entire  instrument 
can  be  sewn  up  temporarily  in  the  wound,  which  can  then  be  covered  with  the 
dressing  and  is  not  liable  to  become  infected. 


amply  proved  by  experiment  that  after  a  temporary  compression  of  this 
kind  exerted  either  by  forceps  or  by  ligature  there  are  no  permanent 
changes  produced  in  the  vessel  wall. 

When  the  circulation  has  been  thus  commanded,  the  wound  is  sutured 
with  the  finest  spring-eyed  round  intestinal  needle  bearing  the  finest  silk 
or  celluloid  thread  obtainable.  The  method  of  suturing  is  very  similar 
whether  the  operation  be  suture  of  an  incision  in  the  vessel  or  end-to-end 
union;  it  is  explained  in  Figs.  156,  157. 

When  suturing  a  longitudinal  incision  the  thread  is  first  entered  about 
an  eighth  of  an  inch  from  one  end  of  the  incision,  made  to  penetrate 
only  the  outer  and  middle  coats,  brought  out  again  and  tied,  the  free 
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end  being  left  long.  The  needle  is  now  made  to  penetrate  all  the  coats 
of  the  vessel  from  without  inwards  on  one  side  of  the  rent  and  as  near 
the  edge  as  possible;  it  is  then  carried  through  the  walls  of  the  vessel 
on  the  opposite  side  of  the  rent  from  within  outwards.  It  then  re-enters 
the  arterial  wall  from  without  inwards,  passes  across  the  incision  and 
penetrates  the  opposite  side  from  within  outwards,  thus  making  a  mat- 
tress stitch.     This  suture,  however,  is  not  tied  in  the  usual  way,  but  is 


Fig.  156.  Doerance's  Ahterv  Suture.  The  suture  is  employed  for  the  repair 
of  a  longitudinal  wound  of  an  artery.  The  lower  figure  shows  the  continuous 
mattress  suture  with  the  '  throw-back '  in  every  third  loop.  It  also  shows  the 
method  of  commencing  and  fastening  off  these  sutures.  The  upper  figure  shows 
the  suture  continued  from  right  to  left  to  unite  the  superficial  edges  of  the  wound; 
when  it  is  finished,  its  free  end  is  fastened  to  the  free  end  of  the  knot  on  the 
left-hand  end. 

continued  as  shown  in  the  diagram  throughout  the  length  of  the  wound; 
at  every  third  loop  the  suture  is  carried  back  a  stitch's  breadth,  as  shown 
in  the  diagram,  in  order  to  maintain  the  steadiness  of  the  approximation. 
On  emerging  at  the  other  end  of  the  incision  the  thread  is  passed  through 
the  two  outer  coats  of  the  vessel  an  eighth  of  an  inch  from  the  end  of 
the  incision,  and  is  there  tied  in  a  single  knot.  The  continuous  mattress 
suture  thus  formed  is  reinforced  by  a  second  continuous  running  stitch 
taking  up  the  edges  of  the  incision  between  the  loops  of  the  mattress 
suture  (see  Fig.  156);  when  this  reaches  the  point  at  which  the  original 
suture  commenced,  the  two  ends  are  tied  together  and  the  suture  is 
complete.     This  method  of  suture  approximates  the  intima  on  the  two 
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sides  and  at  the  same  time  buries  the  suture  deeply  so  that  it  is  out  of 
the  blood-stream,  and  there  is  neither  any  foreign  body  nor  any  cut 
vessel  wall  in  contact  with  the  blood-stream  anywhere;  the  result  is  that 
little  if  any  coagulation  occurs  at  the  seat  of  union. 

After  the  suture  has  been  completed,  the  clamps  are  removed,  first 
from  the  distal  and  then  from  the  proximal  end,  and,  after  having  ascer- 
tained that  the  wound  is  blood-tight,  it  is  a  good  plan  to  surround  the 


Fig.  157.  End-to-end  Union  of  an  Arteky  by  Dorkance's  Suture.  The 
suture  is  similar  to  the  one  in  the  previous  figure,  and  the  diagram  shows  how 
the  cut  ends  of  the  vessels  are  everted  into  a  sort  of  flange. 

artery  by  the  deep  fascia,  which  is  sutured  over  it  so  as  to  make  a  loose 
cellular  envelope. 

When  an  end-to-end  suture  has  to  be  made,  it  is  done  as  shown  in 
P'g-  157-  The  first  suture  is  a  mattress  suture,  the  needle  being  passed 
through  all  the  coats  of  the  vessel  from  without  inwards  on  the  proximal 
side,  and  from  within  outwards  on  the  distal  side  and  back  in  the  reverse 
direction.  This  gives  a  mattress  suture  with  the  ends  projecting  from 
the  distal  end;  these  are  firmly  fastened  together  so  as  to  evert  the  ends 
of  both  segments.  The  remainder  of  the  suture  is  completed  by  the  con- 
tinuous mattress  stitch  already  described  with  the  '  throw-back  '  at  every 
third  stitch.  When  this  has  completely  encircled  the  vessel  the  end  of 
the  suture  is  fastened  to  the  free  end  of  the  first  mattress  stitch,  A 
continuous  running  stitch  is  carried  all  round,  joining  together  the 
lips  of  the  wound  outside  the  suture  as  for  a  simple  incision  (see  p.  379). 


CHAPTER  II 
ENDO-ANEURYSMORRHAPHY 

This  term  is  used  to  designate  an  operation  described  by  Dr.  Rudolph 
Matas  of  New  Orleans  in  a  paper  entitled  *  An  Operation  for  the  Radical 
Cure  of  Aneurysm  based  upon  Arteriorrhaphy '  (Annals  of  Surgery, 
1903,  vol.  xxxvii,  p.  161),  which  has  opened  up  a  wide  field  for  specula- 
tion and  has  created  much  enthusiasm,  especially  among  American 
surgeons.  Matas's  operation  is  founded  upon  the  two  following 
assumptions : — 

(i)  That  arterial  suture  or  arteriorrhaphy  is  now  a  procedure  of 
proved  value,  inasmuch  as  it  is  capable  of  securing  permanent  union 
between  the  opposed  walls  of  the  vessel. 

(ii)  That  the  intima  of  an  artery  is  always  prolonged  from  the 
lumen  of  the  vessel  for  a  certain  distance  at  least  along  the  wall  of  the 
aneurysmal  sac,  and  that  it  is  through  the  medium  of  changes  occurring 
in  the  intima  that  union  occurs  when  the  two  layers  are  brought  into 
apposition  by  suture. 

The  object  of  the  operation  is  to  effect  the  radical  cure  of  an  aneurysm 
without  any  of  the  drawbacks  inseparable  from  the  older  methods.  Up 
to  the  date  of  publication  of  Matas's  paper  a  radical  cure  could  only  be 
obtained  by  ligaturing  the  artery  on  both  sides  of  the  sac  quite  close  to 
the  latter,  and  then  either  extirpating  the  sac  completely  or  leaving  it  in 
situ  after  incising  it  freely,  evacuating  all  the  clot  and  providing  proper 
drainage.  Under  certain  circumstances  extirpation  of  the  sac  of  an 
aneurysm  is  often  hazardous  and  sometimes  impossible  without  doing 
serious  damage  to  important  surrounding  structures,  whilst  simple  incision 
and  drainage  of  the  sac  may  lead  to  tedious  healing  or  septic  infection. 

In  certain  suitable  cases,  moreover,  Matas's  operation  aims  at  doing 
more  than  effecting  a  radical  cure  of  the  aneurysm.  As  will  be  seen  later, 
it  may  be  possible  to  reconstitute  the  lumen  of  the  parent  artery,  and 
thus  cure  the  aneurysm  while  maintaining  the  circulation  unimpaired. 
This  may  be  of  the  highest  practical  importance  in  certain  cases  which 
are  referred  to  later. 

Indications.  By  its  author  this  operation  is  said  to  be  *  applicable 
to  all  aneurysms  in  which  there  is  a  distinct  sac  and  in  which  the  cardiac 
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end  of  the  main  artery  can  be  provisionally  controlled '.  While  this 
statement  is  no  doubt  correct,  it  does  not,  however,  follow  that  one 
would  be  well  advised  to  resort  to  its  performance  for  the  radical  cure 
of  every  aneurysm  that  fulfils  these  conditions.  For  example,  it  would 
certainly  be  an  unnecessarily  laborious  mode  of  treating  small  aneurysms 
of  the  extremities  below  the  knee  or  the  elbow ;  in  cases  such  as  these 
the  size  and  situation  of  the  parent  vessels  render  it  more  convenient  to 
apply  a  ligature  above  and  below  the  aneurysmal  sac  and  to  excise  the 
latter  completely. 

When  dealing  with  aneurysms  of  the  larger  arteries,  and  particularly 
those  situated  in  the  groin,  the  axilla,  the  popliteal  space,  or  the  bend  of 
the  elbow,  however,  the  position  is  different,  and  here  Matas's  operation 
is  likely  to  prove  a  real  advance  in  surgery.  It  may  be  taken  for  granted 
that,  as  long  as  the  collateral  circulation  is  not  interfered  with  unduly, 
the  ideal  method  of  treating  aneurysms  wherever  situated  is  to  excise 
the  sac  completely,  if  possible,  and,  if  not,  to  turn  out  all  the  clot  and  to 
secure  rapid  healing  after  having  cut  off  the  aneurysm  from  the  circula- 
tion. In  the  situations  just  mentioned  Matas's  operation  offers  a  better 
chance  of  attaining  this  ideal  than  does  an  attempt  to  apply  a  ligature  on 
each  side  of  the  sac  followed  by  partial  or  complete  extirpation  of  the 
latter,  for  the  anatomical  condition  of  affairs  in  the  axilla,  the  popliteal 
space,  and  the  bend  of  the  elbow  is  such  as  to  preclude  all  idea  of  an 
extensive  operation  of  this  kind  being  done  with  any  approach  to  safety. 
Matas's  operation,  on  the  other  hand,  does  not  disturb  any  important 
parts,  while  it  effects  a  complete  obliteration  of  the  aneurysm. 

It  is,  however,  in  connexion  with  the  treatment  of  aneurysm  of  the 
aorta  and  its  main  branches  that  this  operation  bids  fair  to  be  of  the 
greatest  importance  in  the  immediate  future,  should  experience  show 
that  the  good  results  of  arterial  suture  obtained  up  to  now  prove  to  be 
permanent.  Provided  that  compression  can  be  applied  on  both  sides 
of  the  aneurysm  in  these  cases,  there  seems  to  be  reason  to  think  that 
the  method  may  successfully  effect  a  radical  cure  in  these  grave  and 
important  cases  either  by  causing  obliteration  of  the  vessel  as  it  enters 
and  leaves  the  aneurysmal  sac,  or  even  by  reconstituting  the  lumen  of 
the  artery,  so  that  the  great  danger  of  gangrene  from  want  of  collateral 
circulation  may  be  overcome.  Even  in  the  case  of  the  aorta  itself  this 
method  seems  to  offer  a  better  chance  of  success  than  the  application 
of  a  ligature. 

A  consideration  of  the  comparatively  few  published  cases  leads  to  the 
conclusion  that  Matas's  operation  is  most  suited  for  the  following  cases : — 

(i)  Aneurysms  of  the  extremities  in  which  it  is  difficult  to  extirpate 
the  sac  wall  after  securing  the  vessel  on  each  side  of  the  sac.    The  chief 
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of  these  are  aneurysms  in  the  groin,  popliteal  space,  axilla,  and  bend  of 
the  elbow. 

(ii)  Aneurysms  of  the  aorta  or  its  main  branches  in  which  compres- 
sion can  be  effectually  employed  on  both  sides  of  the  aneurysm;  effectual 
compression  is  a  sine  qua  non  and  may  be  impossible  here  {vide  infra). 
This  question  is  discussed  more  fully  in  connexion  with  ligature  of  the 
abdominal  aorta  (see  p.  469). 

The  *  restorative  '  operation  of  Matas  is  useless  for  a  fusiform  aneu- 
rysm; if  any  plastic  operation  could  be  done  for  an  ordinary  fusiform 
case  it  would  be  a  resection  of  the  diseased  artery  followed  by  end-to-end 
anastomosis  or  some  plastic  operation  with  a  portion  of  a  vein  as  an 
intermediate  connexion.  This  will  scarcely  ever  be  advisable,  however, 
even  if  it  be  possible  (see  p.  469).  *  Reconstructive '  operations  are  of 
use  in  fusiform  aneurysms  where  the  lumen  of  the  artery  is  very  large 
{vide  infra)  and  sufficient  healthy  arterial  wall  is  present  to  allow  it  to 
be  brought  together  to  form  a  fresh  lumen. 

'Matas's  operation  is  not  always  the  best  method  of  treating  cases  of 
arterio-venous  aneurysm  or  traumatic  diffuse  haematoma;  for  these, 
simple  arteriorrhaphy  (see  p.  379)  suffices  if  the  vessel  be  of  sufficient 
size  to  make  the  operation  worth  while.  In  small  vessels  a  ligature  above 
and  below  the  opening  in  the  artery  will  be  the  best  method  of  treat- 
ment. In  bad  cases,  however,  it  may  be  found  simpler  to  incise  the  vein, 
suture  the  orifice  as  in  endo-aneurysmorrhaphy,  and  then  suture  the 
opening  in  the  vein. 

Operation.  What  is  usually  called  *  Matas's  operation '  really 
embraces  two  distinct  operations.  In  the  one  the  object  is  to  obliterate 
the  lumen  of  the  main  artery  altogether,  whilst  in  the  other  an  attempt 
is  made  to  maintain  the  circulation  through  the  main  vessel  unimpaired 
after  effecting  a  radical  cure  of  the  aneurysm.  These  variations  of  the 
operation  may  be  called  the  *  obliterative  '  and  the  '  restorative  '  methods 
respectively,  and  their  applicability  to  any  given  case  is  governed  by  the 
pathological  conditions  present.  Thus,  except  in  certain  cases  referred 
to  later  (see  p.  391),  there  is  no  chance  of  restoring  the  lumen  of  the 
vessel  when  its  whole  circumference  is  involved  in  a  fusiform  aneurysm: 
here  the  obliterative  method  must  be  employed.  In  a  sacculated  aneu- 
rysm, however,  the  orifice  of  communication  between  the  artery  and 
the  sac  involves  only  a  small  part  of  the  vessel  wall  and  there  is  an 
opportunity  not  only  of  curing  the  aneurysm,  but  also  of  reconstruct- 
ing the  artery  afterwards;  in  other  words,  of  employing  the  restorative 
method. 

The  first  step  in  the  operation  is  to  control  the  circulation  through 
the  aneurysm  effectually;  unless  this  be  done  the  operation  is  one  of 
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great  difficulty  and  danger,  although  a  case  has  been  recorded  by  Abbe  ^ 
in  which  a  gluteal  aneurysm  was  treated  in  this  manner  without  effective 
compression  of  the  parent  artery.  For  a  popliteal  aneurysm  or  one  at 
the  bend  of  the  elbow  an  Esmarch  bandage  is  the  simplest  and  most 
effectual  method,  as  it  cuts  off  the  blood-supply  from  both  sides,  and, 
moreover,  there  is  no  bleeding  from  the  sac  even  if  vessels  are  given  off 
from  its  wall,  as  is  often  the  case  in  popliteal  aneurysm.  When  the  aneu- 
rysm is  in  the  axilla  or  the  groin  it  will  be  necessary  to  expose  the  main 
vessel  well  above  and  below  it  and  to  compress  it  with  a  temporary  liga- 
ture (see  p.  191)  or  with  Crile's  clamp  (see  Fig.  155).  The  latter  is 
perhaps  the  most  useful  method  of  effecting  temporary  compression  of 
the  main  artery  alone,  as  it  is  easy  to  apply  and  its  pressure  is  uniform, 
whereas  a  temporary  ligature  held  by  an  assistant  may  be  either  too  tight 
or  too  loose.  The  blades  of  the  forceps  should  be  sheathed  with  rubber, 
and  when  they  are  in  position  they  should  be  screwed  down  very  slowly 
until  the  pulse  in  the  vessel  below  disappears.  For  an  aneurysm  of  the 
aorta  or  the  iliac  vessels  it  would  be  necessary  to  have  the  vessel  digitally 
compressed  on  both  sides  of  the  aneurysm,  after  having  secured  thorough 
exposure. 

Dr.  Matas,  in  a  most  interesting  personal  communication  with  which 
he  has  courteously  furnished  me  since  the  above  lines  were  written,  lays 
special  stress  upon  this  question  of  *  effectual '  control  of  the  circulation. 
I  cannot  do  better  than  quote  the  actual  words  of  one  who  is  not  only 
personally  familiar  with  the  operative  details  to  such  an  exceptional 
extent,  but  who  is  also  au  courant  with  what  has  been  done  in  this  line 
throughout  the  surgical  world.    He  says: 

'  The  problem  increases  in  complexity  and  difficulty  as  the  aneurisms  to 
be  attacked  approach  the  root  of  the  limbs,  the  neck,  or  regions  where  con- 
striction is  impracticable.  This  preliminary  control  of  the  circulation  by 
obtaining  a  mastery  of  the  great  regional  trunks  in  order  not  only  to  control 
the  direct  circulation  in  the  aneurism,  but  that  which  is  supplied  by  the  col- 
lateral vessels,  still  remains,  in  the  treatment  of  aneurisms  by  the  intrasac- 
cular  methods,  as  good  and  thorough  a  test  of  the  training  and  resources  of 
a  surgeon  as  it  ever  was  in  the  days  of  the  ligature  and  of  extirpation.  To 
illustrate  what  is  meant  I  need  only  consider  the  difficulties  in  completely 

*  Abbe  (Annals  of  Surgery,  vol.  xlviii,  1908,  p.  10)  records  a  case  of  aneurysm 
of  the  gluteal  artery  treated  by  Matas's  method  of  continuous  obliterative  suture. 
He  states  that  he  attempted  to  control  the  circulation  in  the  artery  by  employing 
a  temporary  silk  ligature  on  the  external  iliac.  On  cutting  into  the  aneurysm, 
however,  he  found  that  it  bled  freely,  which  is  not  surprising  if  it  be  correctly 
reported  that  he  put  the  ligature  round  the  external  and  not  the  common  or  inter- 
nal iliac  vessel ;  there  is,  however,  probably  a  mistake  in  the  report.  The  finger 
plugged  the  orifice  of  communication  with  the  sac  while  the  suture  was  carried  out. 
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controlling  the  circulation  in  high  femoral,  ilio-femoral,  and  iliac  aneurisms 
in  which  the  opening  of  the  sac  may  be  followed  by  the  most  formidable  and 
even  fatal  haemorrhage  if  the  inexperienced  operator  has  trusted  to  the  com- 
pression or  temporary  ligation  of  the  parent  artery  immediately  above  and 
below  the  sac.  The  difficulty  lies  in  the  fact  that  numerous  and  large  col- 
lateral branches  open  into  the  parent  trunk  at  its  junction  with  the  sac,  or 
empty  into  the  sac  itself  in  the  intermediary  space  between  the  inlet  and  the 
outlet  of  the  aneurism.  In  femoral,  ilio-femoral,  and  iliac  aneurisms  of 
large  size  and  of  the  fusiform  type,  the  control  of  the  parent  trunk  immedi- 
ately above  and  below  the  sac  is  of  no  avail;  the  great  vessel  commanding 
the  entire  collateral  supply  of  the  limb  must  be  compressed.  In  these  cases 
it  is  only  by  compression  and  control  of  the  common  iliac  through  an 
abdominal  incision  that  the  collateral  haemorrhage  from  the  obturator, 
sciatic,  pudic,  and  gluteals  can  be  controlled. 

'  In  a  very  recent  case  of  ilio-femoral  aneurism  even  the  compression  of 
the  common  iliac  and  of  the  abdominal  aorta  at  the  bifurcation  was  not 
sufficient  to  secure  an  absolutely  dry  field.  On  opening  the  sac  which  had 
apparently  collapsed,  blood  spurted  out  in  a  considerable  stream,  which  was 
found  to  come  from  a  well-developed  epigastric  which  could  not  be  controlled 
by  the  direct  compression  of  the  common  iliac  or  of  the  abdominal  aorta. 
It  was  only  by  direct  pressure  on  the  bleeding  orifice  in  the  sac  and  its  direct 
occlusion  with  a  clamp  that  the  bleeding  was  arrested  and  that  the  technic 
was  carried  out  to  completion  with  deliberation.  However,  the  temporary 
compression  of  the  common  iliac  which  controls  all  the  branches  of  collateral 
importance  given  by  its  internal  or  hypogastric  branches  is  sufficient,  as  a  rule, 
to  secure  a  safe,  if  not  an  absolutely  ischemic  field  in  the  majority  of  cases. 

'  In  the  upper  extremity,  the  hemostatic  problem  increases  in  gravity  as 
we  approach  the  axilla  and  the  subclavian  areas.  In  axillary  aneurisms  the 
third  subclavian  should  be  controlled,  while  an  elastic  bandage  applied  to  the 
arm  as  near  as  possible  to  the  lower  pole  of  the  sac  prevents  the  lower  col- 
laterals from  feeding  the  aneurism  after  it  is  opened.  The  circulation  in 
the  right  subclavian  should  be  controlled  by  a  preliminary  compression  of 

the  innominate,  and  on  the  left  side  by  the  first  division  of  the  subclavian.' 

* 

The  sac  of  the  aneurysm  should  be  exposed  with  the  least  possible 
amount  of  dissection ;  generally  a  vertical  incision  in  the  line  of  the  artery 
will  be  employed.  It  is  essential  that  the  soft  parts  should  not  be  sepa- 
rated from  the  sac,  and  only  important  anatomical  structures  should  be 
avoided  as  the  sac  is  exposed.  The  latter  is  then  incised  from  end  to  end 
in  the  long  axis  of  the  tumour.  The  clot  is  turned  out  and  the  cut  edges 
of  the  sac  are  fully  retracted  so  as  to  get  a  good  view  of  the  interior 
of  the  aneurysm.  The  surgeon  notes  the  number  of  openings  into  the 
sac,  whether  there  be  a  single  one,  as  in  the  case  of  a  sacculated  aneurysm, 
or  two,  as  in  a  fusiform  aneurysm,  or  more,  as  will  be  the  case  when 
branches  are  given  off  from  the  part  of  the  artery  involved  in  the  sac. 
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In  a  fusiform  aneurysm  two  circular  orifices  are  seen,  one  above  and  one 
below,  connected  together  by  a  shallow  vertical  groove.  In  the  saccu- 
lated aneurysm  the  orifice  of  connexion  is  usually  ovoid.  The  number 
of  orifices  usually  decides  the  nature  of  the  operation  to  be  performed; 
for  fusiform  aneurysms  the  oblilerative  methods,  and  for  sacculated 
aneurysms  the  restorative,  are  the  operations  of  choice. 

(a)  The  obliterativc  suture.  Any  laminated  clot  adhering  to  the 
intima  is  rubbed  away  with  a  piece  of  sponge  or  gauze  from  the  neigh- 
bourhood of  the  orifices  of  communication  between  the  sac  and  the 


Fig.  15S.  The  Obliterative  Suture  in  Endo-aneurvsmorrhafhy.  (After 
Alalas.)  The  figure  shows  the  method  of  passing  the  sutures,  which  are  here 
represented  as  interrupted  ones.  A  branch  coming  off  from  the  aneurysmal  sac 
is  shown  secured  in  a  similar  manner, 

vessel.  Each  orifice  is  then  closed  by  a  series  of  sutures  inserted  as 
shown  in  Fig.  158.  These  sutures  may  be  of  any  material,  but  on  the 
whole  chromicized  catgut  is  the  best,  as  it  holds  firmly  and  long  enough 
for  union  to  occur,  while  it  is  eventually  absorlied.  The  suture  should 
be  threaded  in  a  fully  curved,  spring-eyed,  round  intestinal  needle  (see 
Fig.  159),  and  should  Ije  as  stout  as  the  needle  will  carry,  so  that  it  fills 
the  hole  in  the  tissues  made  by  the  penetration  of  the  needle.  Both  needle 
and  suture  will  vary  with  the  size  of  the  artery  to  be  sutured,  but  the 
walls  of  the  vessel  are  generally  tough  and  the  surgeon  therefore  may  use 
a  comparatively  large  size.  The  needle  will  need  to  be  introduced  by 
means  of  a  needle-holder.  Either  interrupted  or  continuous  sutures  may 
be  employed;  perhaps  a  continuous  running  suture  is  the  best.  Each 
suture  should  be  about  one-eighth  of  an  inch  from  its  predecessor  and 
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should  take  a  firm  hold  upon  the  tissues.  It  should  l)e  inserted  through 
the  inner  wall  of  the  sac  about  a  quarter  to  a  sixth  of  an  inch  from  the 
edge  of  the  communication  with  the  artery,  and  should  then  pick  up  the 


n 


Fig.  159.  Sffino-eyep  NEEnLEs.  These  are  most  useful  In  Matas's  opera- 
tion. They  are  easily  threaded  by  springing  the  catgut  inio  the  eye,  and,  liy  being 
round  and  not  triangular,  they  do  not  tend  to  enlarge  the  opening  in  the  tissues  as 
they  pass  through.  The  spring  eye  is  most  useful,  as  it  enables  them  to  be  easily 
threaded  with  a  suture  that  would  only  pass  with  difficulty  through  an  eye  of  the 
ordinary  shape. 


Fig.  160.  Tjie  Restohative  Suture  in  Endo-a.\eurvsmorhhaphy,  (After 
Malas.)  In  the  left-hand  figure  the  oritice  of  connexion  between  the  artery  and 
the  aneurysmal  sac  is  seen.  In  the  right>hand  one  this  orifice  is  closed  by  a  con- 
tinuous suture  in  ihe  manner  recommended  by  Matas. 

floor  of  the  latter  as  it  enters  the  sac;  it  is  finally  passed  through  the 
opposite  margin  of  the  aperture  of  communication  (see  Fig.  15S). 
Enough  sutures  are  introduced  to  occhide  the  ojiening  completely.  The 
sulcus  formed  in  the  floor  of  the  aneurysmal  sac  by  the  remains  of  the 
arterial  wall  stretching  between  the  two  orifices  of  communication  may 
be  quilted  up  by  running  the  suture  along  it  from  one  opening  to  the  other 
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if  desired.  This,  however,  is  not  necessary;  it  suffices  to  suture  sepa- 
rately the  orifices  of  communication  with  the  sac.  The  orifice  of  any 
branch  given  ofE  from  the  aneurysmal  sac  should  be  .sutured  in  a  similar 
manner.  Matas  advises  a  second  layer  of  sutures  in  order  to  bury  the 
first;  this,  no  doubt,  makes  a  stronger  union,  but  is  not  absolutely  neces- 
sary. The  later  stages  of  the  operation  are  common  to  the  two  methods 
{fide  infra). 

(b)  The  restorative  suture.     In  a  case  suitable  for  this  method  the 
aperture  of  communication  between  the  aneurysm  and  the  artery  is  single. 


Fig.  161.  Obliteration  of  the  Wall  of  the  Sac  i.v  En  do- aneurysm  or- 
RHAPHY.  (After  Matas.)  The  obliterative  suture  has  been  employed  and  the 
second  suture  layer,  consisting  of  a  continuous  running  stitcli,  has  been  applied  as 
recommended  by  Matas.  The  various  stages  of  introducing  the  sutures  by  which 
the  superficial  wall  of  the  aneurysm  is  brought  into  close  contact  with  the  deep 
wall  are  shown.  These  sutures  penetrate  the  skin  over  the  superficial  sac  wall, 
as  is  shown  in  the  following  figure. 

and  the  object  of  the  suture  is  to  approximate  its  edges  so  as  to  cut  off 
communication  between  the  aneurysm  and  the  artery  without  obliterating 
the  lumen  of  the  latter.  Similar  needles  and  sutures  are  used,  and  the 
needle  is  entered  well  outside  the  edge  of  the  aperture,  but  is  brought 
out  through  its  margin  on  the  opposite  side  and  brought  out  seme  dis- 
tance from  the  edge.  This  gives  a  firm  hold  and  does  not  diminish  the 
lumen  of  the  vessel.  A  continuous  suture  is  best.  A  second  layer  of 
sutures  external  to  this  may  be  used  in  order  to  secure  still  firmer  apposi- 
tion; this  suture  of  course  takes  up  the  sac  wall  only.  It  will  be  seen 
that  in  this  method  the  suture  must  lie  in  the  blood-stream  unless  the 
approximation  be  carried  out  with  great  nicety.  Therefore  the  risk  of 
thromlxjsis  after  the  operation  should  be  considerable. 
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Obliteration  of  the  sac.  The  final  stages  of  the  operation  are  similar 
in  both  cases.  When  the  suture  has  been  completed,  the  pressure  on  the 
artery  is  relaxed  in  order  to  see  if  the  suture  be  blood-tight;  if  it  be 
found  to  leak,  the  pressure  is  reapplied  and  more  sutures  are  inserted. 
The  most  important  part  of  this  stage  of  the  operation  is  the  obliteration 


Fig.  162.  Diagram  illustrating  a  Transverse  Section  through  an 
Aneurysm  obliterated  bv  Matas's  Method.  (After  Malas.)  In  the  kft-hand 
figure  the  obliterative  suture  has  been  employed,  whilst  in  the  right  the  restorative 
form  has  been  adopted.  In  both  cases,  in  order  to  avoid  confusion,  only  one  layer 
of  sutures  in  this  region  has  been  depicted, 

A  is  the  suture  shutting  off  connexion  with  the  artery;  in  the  left-hand  figure 
this  is  the  obliterative,  in  the  right  the  restorative  form. 

B  is  the  suture  fastening  the  skin  to  the  wall  of  the  sac  in  the  middle  line. 
while  c  are  the  sutures  coapting  the  superficial  and  deep  walls  of  the  aneurysmal 
sac  passing  through  the  skin  and  tied  over  a  roll  of  gauze  or  piece  of  india-rubber 

of  the  sac.  Matas  folds  the  walls  of  the  sac  upon  themselves,  and  thereby 
avoids  leaving  a  cavity  which  would  require  drainage.  The  sac  walls  are 
approximated  by  stout  catgut  or  silkworm-gut  sutures  which  take  up  the 
deep  wall  of  the  sac  and  are  then  passed  through  the  superficial  wall  of 
the  sac  and  the  skin  over  it  together  and  are  tied  over  a  pad  of  dressing; 
Figs.  161  and  162  show  how  this  is  done.  It  rtiay  be  possible  to  clip  away 
the  superficial  portions  of  the  sac  wall,  leaving  only  the  deeper  parts  to 
be  brought  into  contact  with  the  skin,  which  is  sutured  down  to  them. 

Matas  suggests  in  his  paper  {he.  cit.)  that  in  large  fusiform  aneu- 
rysms, when  the  wall  of  the  vessel  is  not  too  much  diseased,  it  may  be 
possible  to  perform  a  '  reconstructive  '  operation  instead  of  the  oblitera- 
tive one.  This  can  only  l)e  done  in  the  case  of  a  very  large  vessel,  such  as 
the  common  femoral  or  the  iliacs,  and  Matas  proposes  to  do  it  by  suturing 
the  walls  of  the  vessel  over  a  piece  of  drainage-tube  of  suitable  size,  which 
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acts  as  a  splint  or  mould  for  the  newly-constructed  lumen  and  which  is 
pulled  out  after  all  but  the  last  two  or  three  sutures  have  been  inserted 
and  tied  over  it  (see  Fig.  163).  It  will  thus  be  seen  that  there  are  really 
three  distinct  operations:  (i)  the  obliterative.  (ii)  the  restorative,  and 
(iii)  the  reconstructive.  The  last  two  differ  in  the  fact  that  whereas  in 
the  former  the  lumen  of  the  artery  is  intact  but  for  the  orifice  of  com- 


FiG.  163.  The  Reconstructive  Method  as  applied  to  Large  Arteries. 
{After  Matas.)  The  figure  shows  a  piece  of  rubber  tubing  laid  into  the  lumen  of 
the  parent  artery  and  the  walls  of  the  aneurysmal  sac  brought  together  by  inter- 
rupted sutures  over  it  SO  as  to  reconstruct  the  lumen  of  the  artery.  The  right- 
hand  figure  shows  the  tube  being  hooked  out  after  the  majority  of  the  sutures 
have  been  tied  over  it  but  before  the  last  four  are  fastened. 

munication,  in  the  latter  the  lumen  has  to  be  almost  entirely  recon- 
structed out  of  the  wall  of  the  sac.  This  last  operation  is  probably  more 
valuable  theoretically  than  practically ;  it  would  probably  only  be  suitable 
for  aneurysm  of  the  abdominal  aorta  or  the  upper  part  of  the  common 
iliac,  as  it  is  almost  certain  to  be  followed  by  thrombosis,  and  it  is 
hardly  worth  while  to  take  the  trouble  of  doing  what  is  a  very  difficult 
operation  except  for  cases  such  as  those  mentioned  in  which  it  is  of 
great  importance  to  stave  off  thrombosis,  even  though  it  be  only  for  a 
short  time,  in  order  to  allow  the  collateral  circulation  to  establish  itself 
to  some  extent. 

Results.  In  this  connexion  it  may  be  well  to  quote  from  an  abstract 
of  a  paper  read  before  the  Surgical  Section  of  the  American  Medical 
Association  on  June  3,  igo8,  by  Dr,  Matas,  which  I  owe  to  his  kindness. 

Matas  has  reported  in  the  17th  International  Congress  of  Medicine 
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in  the  section  of  surgery  in  1913  the  results  obtained  by  his  operation  as 
follows : 

Up  to  July  I,  1913,  225  cases  had  been  operated  by  various  surgeons, 
including  Matas.  The  arteries  involved  in  the  aneurysms  are  distributed 
anatomically  as  follows:  lower  extremity,  194;  upper  extremity,  2^; 
neck,  4;  abdominal  aorta,  4.  In  the  lower  extremity  are  included  the 
posterior  tibial,  2;  popliteal,  130;  femoral,  44;  iliofemoral  or  inguinal, 
10;  external  iliac,  5;  gluteal,  3. 

The  popliteal  group  shows  up,  as  in  all  statistics,  as  the  largest  sub- 
division, not  only  in  the  lower  extremity,  of  which  67^  were  popliteal,  but 
of  the  entire  collection,  comprising  sy.S^  of  the  whole,  the  femoral  group 
following  with  19.6^.  It  is  evident,  therefore,  that  of  all  the  peripheral 
arteries  the  popliteal  is  by  far  the  most  frequent  seat  of  aneurysm. 

In  the  upper  extremity  there  were  23  cases.  Of  these  7  involve  the 
subclavian,  3  the  axillary,  12  the  brachial,  i  the  ulnar.  Of  this  group  the 
largest  number  as  usual  is  represented  by  the  brachial,  52.15^  (or 
5.3*^  of  the  total  225). 

In  the  neck  there  were  4  carotid  aneurysms  and  in  the  abdominal 
aorta  4. 

Up  to  June,  1908,  there  were  in  85  cases  over  s8j^  popliteal  and  over 
21^  femoral. 

The  endo-aneurysmorrhaphies  performed  upon  these  aneurysms  were 
classed  into  3  groups : 

The  obliterative  operation  .        .150  cases  or  66.7;^ 

The  restorative  group  ....       50  cases  or  22.2^ 
The   reconstructive   group    ...       25  cases  or  11. ij^ 

The  restoratives  and  reconstructives  combined  equalled  75  cases  or 
33-3^  of  the  entire  collection.  This  simply  shows  that  the  operators 
found  it  advantageous  to  avail  themselves  of  the  favourable  conditions 
found  in  the  sac  to  attempt  the  preservation  of  the  lumen  of  the  parent 
artery  in  one  out  of  every  three  cases.  This  does  not  mean  that  in  only 
one-third  of  the  cases  were  the  conditions  such  as  to  permit  the  restorative 
and  reconstructive  methods,  but  simply  that  these  procedures  were 
adopted  in  that  number  of  cases,  because  there  are  many  operators  who 
have  had  a  large  experience  with  the  intrasaccular  suture  (Bullock, 
Gibbon  and  Dana,  etc.)  and  who  are  so  well  satisfied  with  the  results 
of  the  obliterative  method  that  they  do  not  attempt  the  reconstructive  or 
restorative  method,  even  when  the  conditions  in  the  sac  are  favourable  to 
these  procedures. 

In  a  general  summary  of  225  cases  we  find  that  there  were  19  deaths 
(8.4^),  including  4  fatal  aortic  aneurysms;  206  recoveries  or  91.6;!^; 
total  operative  failures,  20  or  8.8^;  total  successes  or  cures  205,  or 
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91.2^;  total  gangrenes  11  or  4.8^;  total  relapses  3  or  i.33Ji^;  secondary 
haemorrhages  3  or  1.33^. 

If  the  4  fatal  aortic  aneurysms  are  eliminated,  the  total  is  reduced  to 
221  cases  and  the  gross  mortality  is  lowered  to  15  deaths,  or  6.7^,  The 
recoveries  are  206  or  93. 2j^;  the  operative  successes  or  cures  205  or 
92.8;  the  failures  16  or  7.2;  gangrenes  11  or  4.9^;  relapses  3  or  1.35^; 
secondary  haemorrhages,  3  or  1.355^. 

ANALYSIS  OF  DEATHS 

Of  these  19  deaths,  the  following  should  be  eliminated  as  not 
attributable  to  the  operation,  but  due  to  complications,  accidental  and 
associate  conditions,  which  are  common  to  all  trauma,  and  for  which  this 
particular  procedure  cannot  be  made  responsible. 

Upper  extremity,  i  (Ransohoff's  case).  Sudden  death  on  the 
operating  table  at  the  close  of  an  obliterative  operation  for  a  subclavio- 
axillary  aneurysm.  The  death  was  attributed  by  the  operator  to  an  air 
embolism,  for  lack  of  other  satisfactory  explanation. 

Lower  extremity.     The  following  seven  cases  should  be  eliminated. 

I.  Gibbon:  sudden  death  on  table  at  the  close  of  an  unusually  simple 
obliterative  operation  for  popliteal  aneurysm.  Death  attributed  to  the 
anaesthetic,  i.  Gibbon:  from  nephritis  two  months  after  recovery  from 
an  obliterative  popliteal  operation,  i.  Stafford:  from  tetanus  thirty 
days  after  obliterative  operation  for  popliteal  aneurysm,  i.  Pantzer: 
complete  healing  of  wound  without  defect  in  the  line  of  suture  and  open 
from  pyelonephritis  on  the  15th  day.  Post-mortem  examination  showed 
lumen  of  the  artery,  i.  Gessner:  fulminating  erysipelas,  which  oc- 
curred on  the  1 8th  day  in  a  patient  recovering  from  an  obhterative  opera- 
tion for  traumatic  aneurysm  of  the  profunda  femoris.  The  wound  had 
nearly  healed  when  the  erysipelas  appeared,  contracted  from  an  infected 
ward.  It  assumed  a  malignant  character  from  the  start,  i.  Souchon: 
death  on  45th  day  from  acute  septic  arthritis  of  the  knee  after  patient 
had  recovered  from  an  obliterative  operation  for  femoral  aneurysm. 
Examination  of  the  specimen,  still  preserved  in  the  museum,  shows 
aneurysmal  sac  completely  obliterated  and  the  entire  limb  in  a  perfect 
state  of  preservation,  with  a  thoroughly  developed  collateral  circulation. 
I.  Old:  patient  (man  aged  55  years)  died  five  hours  after  an  obliterative 
operation  for  a  spontaneous  external  iliac.  Autopsy  showed  nothing 
abnormal  about  the  site  of  the  aneurysmal  operation,  but  a  thrombus  was 
found  in  the  pulmonary  artery. 

Neck.  One  of  the  two  deaths  should  be  eliminated,  as  it  occurred 
suddenly  and  unexpectedly  on  the  8th  day  after  an  obliterative  operation 
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for  arterio-venous  aneurysm  of  the  carotid  vessels.  The  autopsy  showed 
advanced  coronary  disease  and  no  condition  in  the  wound  to  account 
for  death.  The  patient  had  been  a  hemiplegic  in  consequence  of  a 
cerebral  embolism  which  occurred  at  the  time  the  neck  injury  was  in- 
flicted, fifteen  years  before  operation. 

Summary.  By  eliminating  these  9  cases  from  the  total  gross  mor- 
tality and  excluding  the  4  aortic  cases,  the  mortality  is  reduced  to  6  in 
221  or  2,yii, 

There  were  11  gangrenes,  all  in  the  lower  extremity,  requiring 
amputation  and  7  of  these  recovered.  The  causes  of  death  in  the  other 
4  were :  tetanus,  i ;  secondary  haemorrhage,  i ;  septic  peritonitis,  i ;  and 
unknown,  i. 

One  minor  gangrene  involving  parts  of  toes  occurred.  The  patient 
recovered  with  preservation  of  toes  and  limb.  If  this  is  included  in  total 
gangrene,  the  percentage  would  be  12  in  225  or  5.3^. 

It  is  to  be  noted  that  no  gangrenes  occurred  in  the  upper  extremity. 

The  end-results  following  the  recovery  of  the  patients  after  typical 
and  successful  intrasaccular  operations  are  remarkably  free  from  perma- 
nent secondary  disabilities.  In  the  entire  collection  only  5  cases  have 
been  reported  in  which  some  form  of  disability  persisted  after  the 
patient  had  recovered  from  the  operation.  These  disabilities  refer  to 
two  popliteal  cases  in  which  oedema  of  the  leg  and  foot  persisted. 

In  two  cases  of  popliteal  aneurysms  there  were  foot-drop  and 
paraesthesia  due  to  nerve  compression  and  pressure  neuritis  before  opera- 
tion, and  the  other  caused  by  accidental  injury  of  the  popliteal  nerve. 


CHAPTER  III 

OPERATIONS  FOR  ANEURYSMAL  VARIX  AND  VARICOSE 

ANEURYSM 

ANEURYSMAL  VARIX 

In  connexion  with  the  operative  treatment  of  this  affection,  the  pos- 
sibilities that  the  work  of  Senn,  Murphy,  Matas,  and  others  upon  methods 
of  suture  of  the  arteries  has  opened  up  may  be  usefully  borne  in  mind. 
While  in  the  case  of  the  smaller  vessels  there  is  no  objection  to  removing 
the  portions  of  the  artery  and  vein  concerned  in  the  aneurysmal  varix, 
this  might  possibly  endanger  the  circulation  in  the  limb  when  the  affec- 
tion occurs  high  up,  as,  for  instance,  in  Scarpa's  triangle.  In  these  cases 
there  seems  reason  to  think  that  the  best  operation  is  to  expose  the  seat 
of  the  varix  by  careful  dissection,  and,  after  the  anatomy  of  the  affection 
has  been  made  out  accurately,  to  clamp  both  vessels  temporarily  above 
and  below  the  communication,  which  is  then  obliterated. 

Operation.  The  simplest  plan  is  to  cut  across  the  connexion  be- 
tween the  artery  and  the  vein  and  to  suture  the  wound  left  in  the  artery 
and  in  the  vein  separately  whenever  this  is  possible.  The  opening  in  the 
vein  should  be  closed  by  a  lateral  continuous  suture  applied  as  described 
on  p.  527,  while  that  in  the  artery  is  brought  together  by  a  continuous 
mattress  suture  similar  to  that  shown  on  p.  380,  which  brings  together 
the  intima  on  each  side  of  the  incision  and  does  not  allow  either  the 
cut  edge  of  the  artery  or  the  suture  material  to  project  into  the  blood 
stream.  It  would  probably  not  be  necessary  to  encroach  upon  the  lumen 
of  the  artery  to  any  extent,  as  the  connexion  between  the  artery  and 
the  vein  would  probably  be  sufficiently  extensive  to  allow  of  the  arterial 
walls  being  coapted  without  any  considerable  diminution  of  its  calibre. 
As  a  rule,  the  dilatation  of  the  vein  present  will  allow  the  incision  sepa- 
rating the  two  vessels  to  be  made  somewhat  at  the  expense  of  the  vein 
wall  without  running  any  risk  of  unduly  narrowing  the  calibre  of  that 
vessel  when  it  is  sutured.  This  has  the  advantage  that  it  will  leave 
enough  tissue  outside  the  opening  into  the  artery  to  bury  the  suture 
layer  closing  it. 

It  is  not  to  be  expected,  however,  that  this  method  will  be  always 
applicable.  The  opening  into  the  artery  may  be  so  placed  or  of  such 
a  size  and  shape  that  arteriorrhaphy  will  not  be  practicable  without 
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running  a  great  risk  of  occluding  the  lumen  of  the  vessel.  Even  in  this 
case,  however,  there  is  no  valid  reason  why  the  attempt  should  not  be 
made,  as  the  only  alternative  is  to  apply  a  ligature  to  the  artery  above 
and  below  the  orifice  of  communication  and  thereby  cut  off  the  circula- 
tion. The  common  femoral  artery  is  large  enough  to  enable  the  necessary 
manipulations  to  be  carried  out,  and  even  some  narrowing  of  its  lumen 
is  presumably  preferable  to  its  complete  occlusion.  Should  thrombosis 
occur  subsequently  at  the  seat  of  operation  a  certain  amount  of  time 
may  be  gained  in  which  the  collateral  circulation  will  have  a  chance  of 
establishing  itself. 

The  treatment  of  the  communication  in  the  veins  will  offer  little  diffi- 
culty. The  vessel  will  be  so  large  that  the  opening  in  it  can  be  closed 
easily  by  suture  without  much  risk  of  thrombosis  occurring. 

VARICOSE  ANEURYSM 

Operation.  This  will  either  take  the  form  of  a  modified  endo- 
aneurysmorrhaphy  (Matas's  operation)  or  the  application  of  a  ligature 
to  the  vessel  above  and  below  the  sac,  leaving  the  untouched  aneurysm 
to  empty  out  into  the  vein,  the  circulation  through  which  will  be 
unaffected. 

On  comparing  the  merits  of  the  two  operations  the  balance  of  advan- 
tage seems  to  lie  with  Matas's  operation,  since  it  ought  to  be  able  to  secure 
not  only  a  radical  cure  of  the  aneurysm  but  probably  also  a  reconstitution 
of  both  artery  and  vein.  Simple  ligature  of  the  main  artery  above  and 
below  the  communication  will  not  necessarily  cure  the  condition.  Should 
there  be  a  branch  coming  off  from  the  sac,  this  may  escape  notice  at  the 
time  of  operation  and  may  cause  the  condition  to  persist  and  necessitate 
ligature  of  the  vein  above  and  below  the  communication  at  a  later  date. 
Matas's  operation,  however,  has  the  advantage  that  by  means  of  it  any 
branches  given  off  from  the  sac  wall  can  be  secured  if  present,  and  all 
danger  of  reflux  through  the  aneurysm  into  the  vein  by  means  of  col- 
laterals between  the  ligatures  on  the  parent  vessel  would  be  done  away 
with.  It  is  essential  for  its  successful  performance,  however,  that  it 
shall  be  possible  to  control  the  circulation  effectively  on  both  sides  of  the 
aneurysm  both  in  the  artery  and  the  vein,  and  therefore  the  modified 
Matas  operation  will  not  always  be  possible.  For  an  interesting  paper 
on  this  difficult  subject  see  Bickham  {Annals  of  Surgery,  May,  1904). 

The  steps  of  the  operation  have  been  already  described  in  full  (see 
p.  384).  In  these  cases  it  would  be  necessary  to  control  the  circulation 
through  both  artery  and  vein,  and,  at  the  end  of  the  operation  on  the 
artery,  to  close  the  opening  into  the  vein  by  similar  sutures. 
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BLOOD  TRANSFUSION 

Part  L     By  N.  M.  Percy,  M.D.,  FA.CS. 
Part  II.     By  Richard  Lewisohn,  M.D.,  F.A.C.S. 

PART  I 

INDIRECT  TRANSFUSION  OF  UNTREATED  BLOOD 

By  N.  M.  Percy,  M.D.,  F.A.C.S. 

The  most  important  part  of  transfusion  is  the  selection  of  a  healthy 
donor  and  the  making  of  hemolytic  and  agglutination  tests  between 
the  two  bloods.  In  addition  to  this,  it  is  well  to  determine  as  nearly  as 
possible  the  exact  condition  of  the  blood  before  transfusion  in  both 
donor  and  recipient.  This  examination  should  consist  of  a  red  and 
white  cell  count,  hemoglobin  per  cent.,  coagulation  time,  a  differential 
count,  and  a  description  of  the  various  types  of  corpuscles. 

Donor.  In  selecting  a  donor  it  is  important,  in  addition  to  making 
hemolytic  and  agglutination  tests,  that  a  careful  history  be  obtained 
from  the  donor,  and  a  complete  physical  examination  made,  including 
a  Wassermann  test.  Donors  should  not  be  chosen  from  persons  giving 
a  history  of  recent  attacks  of  typhoid  fever,  pneumonia,  diphtheria, 
tonsillitis,  malaria,  or  influenza,  nor  from  persons  suffering  from  tuber- 
culosis, chronic  arthritis,  rheumatism,  or  where  there  is  a  history  of 
haemophilia. 

Hemol3rtic  and  agglutination  tests.  A  hemolytic  or  agglutina- 
tion test  of  each  blood  upon  the  other  should  always  be  made  before 
transfusion,  because  it  has  been  found  that  in  a  considerable  per  cent. 
of  cases  there  is  a  tendency  of  the  serum  of  one  blood  to  cause  a  dis- 
integration of  the  red  cells  of  another,  even  when  the  latter  be  a  near 
relative.  While  the  bloods  from  members  of  the  same  family  are  more 
apt  to  be  compatible  with  each  other  than  aliens'  blood,  still  it  is  never 
safe  to  use  even  a  close  relative  as  a  donor  without  first  making  a 
hemolytic  test  between  the  bloods  to  be  mixed. 

Agglutination  test.  During  the  past  two  years  the  writer  has 
been   determining   the   hemolytic   action   of    the   blood   by    the    Moss 
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method/  the  technique  of  which  has  been  modified  by  Brem.*  This 
method  is  based  on  the  principle  that  before  the  serum  of  one  blood 
will  cause  an  hemolysis  of  the  corpuscles  of  another,  it  will  first,  or 
simultaneously,  cause  an  agglutination  of  the  corpuscles.  The  reverse, 
that  all  cases  that  show  agglutination  will  also  show  hemolysis,  is  not 
necessarily  true,  only  occurring  in  about  twenty  per  cent  of  cases. 
Adopting  this  principle,  all  bloods  are  classified  according  to  the 
agglutinative  properties  of  their  elements  into  one  of  four  groups.  In 
selecting  a  donor,  it  is  always  advisable  to  have  a  donor  whose  blood 
belongs  to  the  same  group  as  that  of  the  patient.  If  this  is  impossible, 
the  donor's  blood  should  belong  to  a  group  whose  corpuscles  are  not 
agglutinated  by  the  serum  of  the  patient.  The  bloods  of  group  IV 
answer  this  requirement  for  all  other  groups,  as  its  corpuscles  are  not 
agglutinated  by  the  serum  of  any  group.  Fortunately  group  IV  is  the 
most  common  group,  Moss  having  found  that  forty-three  per  cent,  of  all 
individuals  belong  to  this  group. 

Moss  found  that  all  bloods,  whether  normal  or  pathological,  could  be 
classified  into  four  groups  by  agglutination  tests  of  the  serums  against 
the  corpuscles.     He  found  the  groups  to  be  as  follows : 
Group      I.     loj^ — Serum  does  not  agglutinate  corpuscles  of  any  group. 

Corpuscles  are  agglutinated  by  serum  of  II,  III,  &  IV. 
Group    II.     40j^ — Serum  agglutinates  corpuscles  of  groups  I  &  III,  not 

IV. 
Corpuscles  agglutinated  by  serum  of  III  &  IV,  not  I. 
Group  III.       y^ — Serum  agglutinates  corpuscles  of  groups  I  &   II, 

not  IV. 
Corpuscles  agglutinated  by  serum  of  II  &  IV,  not  I. 
Group  IV.     d^yft — Serum  agglutinates  corpuscles  of  groups  I,  II  &  III. 

Corpuscles  are  not  agglutinated  by  any  serum. 

The  serum  of  one  group  will  not  agglutinate  the  corpuscles  of  blood 
belonging  to  the  same  group. 

Moss  chart,  showing  the  reaction  of  the  various  groups  against 
each  other. 

In  grouping,  the  unknown  blood  should  be  tested  with  a  blood  whose 
group  is  known.  This  *  standard '  blood  must  belong  to  either  group 
II  or  III  in  order  to  be  of  any  value  in  grouping  other  bloods.  The 
group  to  which  a  blood  belongs  becomes  fixed  by  the  third  year  of  life, 
and  remains  constant.  It  is  not  influenced  by  age,  disease,  or  trans- 
fusion of  blood  belonging  to  another  group. 

As  shown  in  table  it  will  be  seen  that  the  serums  and  corpuscles 

^  Moss:  Bull.  Johns  Hopkins  Hospital,  March,  1910. 
^Brem:  Jour.  Am.  Med.  Assoc,  July  15,  1916. 
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of  the  same  groups  do  not  in  any  way  interact.  It  will  also  be  noted 
that  there  is  a  wide,  undetermining  variety  of  reactions  possible  in  the 
cases  of  group  I  and  IV.  The  reactions  in  the  two  remaining  groups  are 
more  limited  and  definite,  and  for  that  reason  groups  II  or  III  only  may 
be  used  as  the  standard  in  the  Moss  test. 

CORPUSCLES 


Group  I 

Group  II 

Group  III 

Group  IV 

Serum 

0 

0 

0 

0 

Group 

I 

+ 

0 

+ 

0 

Group 
II 

+ 

+ 

0 

0 

Group 
III 

+ 

+ 

+ 

0 

Group 
IV 

The  basis  of  the  blood  examination  for  transfusion  is  the  agglutina- 
tion reaction.  Agglutination  is  considered  as  an  early  stage  of  hemolysis 
and  is  always  present,  hemolysis  never  occurring  without  a  primary 
agglutination  of  the  blood  cells,  while,  on  the  other  hand,  agglutination 
may  occur,  and  does  occur,  without  hemolysis.  It  is  from  this  agglutina- 
tion that  we  arrive  at  our  conclusions.  The  serum  of  a  given  blood 
contains  a  protective  agent  (anti-hemolysin)  for  its  own  corpuscles,  this 
serum  having  a  tendency  to  prevent  hemolysis.  The  serum  does  not 
contain  a  corresponding  anti-agglutinin,  so  hemolysis  may  be  prevented 
without  in  any  way  hindering  the  agglutination  reaction.  In  the 
original  method  of  Moss,  two  platinum  loopfuls  of  the  agglutinating 
serum  were  added  to  one  loopful  of  corpuscles  from  the  blood  to  be 
tested.  By  this  method  oftentimes  the  stage  of  agglutination  was  so 
transient  that  its  presence  was  not  recognized,  and  the  agglutination 
went  on  to  complete  hemolysis.  The  correct  interpretation  of  the  test 
w^as  therefore  impossible,  as  the  observer  failed  to  recognize  the  de- 
termining factor,  agglutination.  To  remedy  this,  Brem,  besides  the 
two  loopfuls  of  agglutinating  serum  and  one  loopful  of  the  corpuscles  of 
the  blood  to  be  tested,  added  one  loopful  of  the  protecting  serum;  that 
is,  serum  of  the  same  blood  from  whence  the  corpuscles  were  derived. 
This  protective  serum,  as  we  stated  above,  contains  anti-hemolysins,  but 
not  agglutinins.     By  this  means  the  agglutination  is  not  in  any  way 
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affected,  but  the  hemolysis  of  the  blood  cells  is  retarded  or  prevented,  so 
giving  a  relatively  slow,  definite,  easily  recognizable  stage  of  agglutina- 
tion.    The  technique,  based  upon  these  considerations,  is  as  follows : 

Ten  to  20  drops  of  blood  are  collected  in  a  small  test  tube  from  the 
lobe  of  the  ear.  This  is  allowed  to  clot  and  then  the  tube  is  centrifuged 
so  as  to  obtain  a  clear  serum  above.  This  is  the  protective  serum  when 
used  with  its  own  corpuscles,  but  when  used  with  the  corpuscles  of  an- 
other blood,  it  is  called  the  agglutinating  serum.  In  another  small  test 
tube  are  collected  two  drops  of  blood  in  about  i  c.c.  of  solution  com- 
posed of  1.5  gm.  sodium  citrate,  0.9  gm.  sodium  chloride  in  100  c.c.  of 
distilled  water.  This  gives  approximately  a  five  per  cent,  suspension  of 
the  corpuscles.     This  tube  requires  no  further  preparation. 

Upon  cell  slides  rimmed  with  petrolatum  to  prevent  evaporation  are 
made  ordinary  hanging  drops. 

On  one  slide  are  put : 

2  loopfuls  of  standard  serum   (agglutinating  serum)  plus 

I  loopful  of  the  suspension  of  corpuscles  of  the  blood  to  be  tested,  plus 

1  loopful  of  the  protecting  serum;  that  is,  the  serum  from  the  same  blood 

as  the  corpuscles. 

On  the  other  slide : 

2  loopfuls  of  the  unknown  serum  (of  the  blood  to  be  tested),  plus 

I  loopful  of  the  suspension  of  corpuscles  from  the  standard  or  known  blood, 

plus 
I  loopful  of  its  protective  serum. 

It  will  be  seen  from  the  above  table  that  one  slide  contains  the 
standard  or  known  serum,  while  the  other,  the  standard  or  known 
corpuscles.  Deductions  are  made,  using  the  standard  serum  and  cor- 
puscles as  a  basis  (group  II  or  III  used  as  the  standard  group)  after  the 
agglutination  is  recognized. 

For  instance,  if  using  group  II  as  a  standard,  we  get  agglutination  in 
the  slide  containing  the  standard  serum,  and  none  in  the  sUde  containing 
the  standard  corpuscles,  the  undetermined  blood  is  of  group  I.  From 
the  above  table  we  will  find  that  the  serum  of  the  standard  blood  (group 
II  in  this  case)  agglutinates  the  corpuscles  of  groups  I  and  III,  and  not 
of  groups  II  or  IV.  and  that  the  corpuscles  of  this  standard  group  II 
are  agglutinated  by  the  serums  of  groups  III  and  IV,  and  not  by  groups 
I  or  II.  Then,  since  there  is  agglutination  in  the  slide  containing  the 
serum  of  the  standard  group  II,  the  undetermined  or  unknown  blood 
must  be  either  of  group  I  or  III.  In  the  other  slide,  containing  the 
corpuscles  of  the  standard  group  II,  there  is  no  agglutination,  so  the  un- 
known blood  must  be  either  of  group  I  or  III.     Since  group  I  satisfies  the 
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agglutinating  reaction  in  both  instances,  the  unknown  blood  must  belong 
to  that  group. 

If  agglutination  occurred  in  both  slides,  prepared  as  stated  above,  by 
similar  deductions  we  find  that  the  undetermined  blood  would  belong  to 
group  III,  as  the  standard  serum  agglutinates  the  corpuscles  of  groups  I 
and  III,  and  not  of  groups  II  or  IV,  while  the  standard  corpuscles  are 
agglutinated  by  the  serums  of  groups  III  and  IV,  and  not  by  groups  I  or 
II.  As  the  serum  and  corpuscles  of  group  III  satisfy  the  agglutinating 
reaction  in  both  instances,  the  blood  being  tested  belongs  to  that  group. 

Taking  the  third  possible  reaction,  if  no  agglutination  occurred  in  the 
slide  containing  the  serum  of  the  standard  blood,  and  agglutination  was 
present  in  the  slide  containing  the  standard  corpuscles,  the  undetermined 
blood  would  be  of  group  IV,  since,  from  the  table  given  above,  we  see 
that  the  standard  blood  (group  II)  agglutinates  the  corpuscles  of  groups 
I  and  III,  and  not  of  II  or  IV.  The  standard  corpuscles  of  group  II  (the 
standard  blood  used  in  this  instance)  are  agglutinated  by  the  sefrums  of 
groups  III  and  IV,  and  not  by  I  or  II.  Therefore,  the  serum  and  cor- 
puscles of  group  IV  satisfy  the  agglutinating  reaction  of  group  II,  the 
standard.     Consequently,  the  blood  tested  belongs  to  group  IV. 

Lastly,  if  there  occurs  no  agglutination  in  either  slide,  the  unknown 
blood  is  of  the  same  group  as  the  standard  blood  used,  as  bloods  of  the 
same  group  do  not  in  any  way  interact. 

These  are  the  four  possibilities  in  using  group  II  as  a  standard. 
The  method  of  deduction  is  identical  to  that  given  above  when  using 
group  III  as  the  standard. 

An  endeavour  should  always  be  made  to  have  the  donor  and  recipient 
of  the  same  group,  so  reducing  to  a  minimum  the  possibilities  of  re- 
actions. If,  in  an  emergency,  blood  must  be  given  immediately,  or  if  the 
recipient  be  a  member  of  group  I  or  III,  the  rarer  groups,  certain  devia- 
tions may  be  practised  in  which  bloods  of  unlike  groups  can  be  used. 
Under  such  conditions,  the  serum  of  the  recipient  must  never  agglutinate 
the  corpuscles  of  the  donor,  while  the  serum  of  the  latter  may  agglutinate 
the  corpuscles  of  the  patient.  The  serum  of  the  donor,  as  it  enters 
the  blood  stream  of  the  recipient,  is  diluted  to  such  an  extent  as  to  be 
practically  inactive.  The  lack  of  agglutination  of  the  patient's  corpuscles 
is  in  part  prevented  by  the  fact  that  the  recipient's  corpuscles  are  pro- 
tected by  its  own  serum;  i.e.  the  protective  serum. 

Vincent*s  method  of  determining  the  Moss  grouping  of 

blood.  Because  of  the  technical  difficulties  of  grouping  bloods  in  a 
private  home  without  any  laboratory  facilities,  Vincent  worked  out  a 
method  by  which  a  patient's  blood  group  can  be  determined  in  from 
three  to  five  minutes,  requiring  no  laboratory  facilities. 
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In  making  the  test,  one  must  have  on  hand  a  stock  serum  from  an 
individual  whose  blood  belongs  to  group  II  and  from  one  in  group  III. 
These  stock  serums  are  obtained  by  drawing  blood  from  an  individual  in 
group  II  and  from  one  in  group  III.  The  serum  is  separated  from  the 
blood  by  centrifuging  or  allowing  the  blood  to  clot,  the  serum  from  which 
is  placed  in  a  sterile  bottle.  The  serum  is  preserved  by  adding  to  it 
enough  sodium  citrate  to  make  a  1.5J?  solution,  and  chloroform  is  added 
to  the  extent  of  0.3;?.  These  serums,  if  kept  sterile,  can  be  kept  indefi- 
nitely. 

Technique  of  grouping  the  blood.  One  drop  of  group  II 
serum  is  placed  on  a  glass  slide  near  one  end,  and  one  drop  of  group  III 
serum  on  the  same  slide  near  the  other  end.  A  drop  of  blood  from  the 
person  to  be  grouped  is  mixed  with  each  of  the  serums  on  the  slide  and 
the  reaction  noted.  Clumping  of  the  corpuscles,  if  it  takes  place,  will 
occur  in  from  one  to  three  minutes,  and  can  be  readily  seen  with  the 
naked  eye.     The  various  groups  will  be  noted  by  the  following  reactions: 

1.  If  agglutination  of  the  corpuscles  takes  place  in  the  group  II  serum 
and  not  in  the  group  III  serum,  the  blood  being  grouped  belongs  to 
group  III. 

2.  If  agglutination  is  noted  in  the  group  III  serum  and  not  in  the 
group  II  serum,  the  blood  being  grouped  belongs  to  group  II. 

3.  If  agglutination  is  noted  in  both  group  II  and  group  III  serums, 
the  blood  being  grouped  belongs  to  group  I. 

4.  If  agglutination  does  not  occur  in  either  serum,  the  blood  being 
grouped  belongs  to  group  IV. 

In  noting  the  reaction,  if  by  simply  looking  at  the  slide  with  the 
naked  eye,  there  is  any  doubt  as  to  whether  or  not  agglutination  has 
taken  place,  this  can  be  definitely  determined  by  placing  the  slide  under 
the  microscope.  From  the  above,  it  may  be  noted  that  if  one  has  on 
hand  a  stock  serum  belonging  to  group  II  and  to  group  III,  the  technique 
of  grouping  blood  is  very  simple,  and  can  be  done  in  a  few  minutes, 
even  without  any  laboratory  facilities.  The  simplicity  and  rapidity  with 
which  it  can  be  done  is  the  only  advantage  it  has  over  Brem's  technique 
as  previously  described. 

The  determination  of  the  hemolvtic  reactions  of  blood  bv  the  Moss 
method  in  the  selection  of  donors  has  proven  very  satisfactory  in  our 
hands.  Since  adopting  this  method,  over  two  hundred  and  fifty  trans- 
fusions have  been  made,  encountering  only  one  case  of  hemolysis.  The 
milder  reactions  have  been  rare.  These  have  been  manifested  by  a  chill 
in  five  per  cent,  of  cases,  and  by  temperature  occurring  on  the  same  or 
following  day  in  ten  per  cent,  of  cases. 

Except  in  extreme  emergency  cases,  one  is  never  justified  in  making 
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a  blood  transfusion  without  first  having  made  a  hemolytic  test  between 
the  two  bloods  to  be  mixed.  Even  between  near  relatives,  such  as  sister 
to  sister,  or  parent  to  child,  etc.,  severe  fatal  hemolysis  may  occur  from 
mixing  the  two  bloods.  In  case  of  a  large  family  in  which  the  father 
and  mother  are  not  in  the  same  blood  group,  usually  some  of  the  chil- 
dren will  be  in  the  same  group  as  the  mother,  and  some  in  the  father's 
group,  and  occasionally  some  in  still  another  group.  Thus  it  is  plain 
that  a  brother  might  be  a  suitable  donor  for  one  brother,  but  not  for 
another;  also  he  might  be  a  suitable  donor  for  one  parent  and  not  for  the 
other,  thus  making  it  a  dangerous  procedure  to  transfuse  one  member 
of  a  family  from  another  member  without  first  determining  the  hemolytic 
action  of  one  blood  with  the  other. 


METHOD  OF  TRANSFUSION 

In  selecting  a  method  of  transfusion  of  blood,  one  should  choose  a 
technique  which  is  safe  and  simple  and  which  will  deliver  plain,  whole 
blood  into  the  vein  of  the  recipient  in  as  near  its  normal  state  as  is 
possible. 

The  direct  method  of  transfusion — bringing  intima  to  intima — would 
be  the  ideal  method,  were  it  not  for  the  fact  that  it  requires  expert 
surgeons  to  perform  the  operation,  and  that  there  is  no  way  of  deter- 
mining with  any  degree  of  accuracy  the  quantity  of  blood  transfused. 
On  account  of  the  technical  difficulties  of  the  operation,  the  direct 
methods  of  transfusion  have  been  almost  entirely  replaced  by  the  various 
indirect  methods,  the  technique  of  most  of  which  is  more  simple. 

Author^s  method  of  transfusion.  ( Percy. )  The  method  is  an 
indirect,  closed  method  and  consists  of  drawing  blood  into  a  specially  de- 
signed glass  tube,  then  injecting  it  into  the  vein  of  the  recipient.  The 
tube  is  coated  inside  with  solid  grocers'  paraffin,  and  liquid  paraffin  is 
floated  on  top  of  the  blood,  preventing  the  blood  from  coming  in  contact 
with  the  air. 

Description  of  tube.  The  tube  to  be  described  is  a  modification 
of  the  Brown  tube,  which  was  modified  with  the  object  of  making  a 
venous  transfusion  tube,  and  also  a  tube  more  easily  constructed.  It 
consists  of  a  glass  cylinder  5  cm.  in  diameter,  with  a  cannula  leading 
from  one  end,  the  other  end  being  drawn  out  into  a  tube  about  i  cm.  in 
diameter,  to  which  a  Y  connection  containing  a  two-way  valve  is  made. 
To  one  arm  of  the  Y  a  rubber  tube  is  attached  for  suction,  to  aid  in 
filling  the  tube,  and  to  the  other  arm  a  rubber  bulb  is  connected,  to  aid 
in  injecting  the  blood.  The  tube  diflfers  from  the  Brown  tube  in  that 
there  is  no  side  tube  coming  off  from  the  cylinder,  and  the  upper  end  of 
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the  cylinder,  instead  of  being  closed  with  a  large  cork,  is  drawn  out  into 
a  tube  for  the  Y  connections  as  described  above.  The  cannula  part  of 
the  tube  is  so  constructed  that  it  can  be  inserted  directly  into  the  vein 
of  the  donor  and  then  the  recipient.  An  open  dissection  of  the  vein  of 
the  donor  and  recipient  is  made  for  two  reasons:  First,  if  the  opera- 
tion were  done  subcutaneously,  it  would  be  necessary  to  use  a  needle 
with  a  rubber  connection  to  the  cannula,  which  connection  would  make  a 
roughened  area  that  would  favour  clotting,  whereas  with  the  smooth, 
paraffin-coated  cannula  there  is  no  such  tendency.  Second,  after  the 
tube  is  filled  with  blood,  the  cannula  can  be  inserted  into  a  vein  of  the 
recipient  without  delay,  an  essential  feature  after  blood  has  been  with- 
drawn. 

Preparation  of  tube.  The  tube  should  be  cleansed  by  washing 
with  water,  alcohol,  and  then  with  ether,  and,  after  it  is  perfectly  dry, 
two  ounces  of  melted  grocers'  paraffin  is  poured  into  the  tube  through 
the  upper  end.  It  is  then  wrapped  in  a  towel  and  placed  in  a  steam  auto- 
clave for  fifteen  minutes  under  fifteen  pounds  of  pressure,  after  which, 
with  sterile  rubber  gloves  over  the  hands,  the  tube  is  rolled  around  while 
cooling,  so  that  every  part  of  the  inside  is  covered  with  melted  paraffin 
and  any  excess  allowed  to  run  out  of  the  large  end.  Care  should  be 
taken  not  to  allow  the  cannula  to  become  plugged  with  paraffin.  If  it 
does,  the  tip  is  warmed  over  a  flame  and  the  paraffin  allowed  to  run  back 
into  the  tube.  Sterilizing  the  rubber  tubing,  Y  valve,  and  mouth-piece 
is  done  by  placing  them  in  a  towel  and  autoclaving  in  the  same  way  and 
at  the  same  time  as  the  transfusion  tube,  or  boiling  them  for  twenty 
minutes.  The  atomizer  bulb  is  thoroughly  washed  with  alcohol  to 
sterilize  it.  When  ready  to  use,  the  connections  are  all  made  and  two 
ounces  of  sterile  liquid  paraffin  aspirated  into  the  tube  through  the 
cannula  by  means  of  suction  at  the  mouth-piece. 

A  more  simple  method  of  sterilizing  the  tube  consists  of  first  pouring 
the  melted  paraffin  into  the  tube,  then  carefully  heating  the  tul^e  over  a 
gas  burner  until  the  paraffin  in  the  tube  begins  to  smoke.  The  excess 
paraffin  is  allowed  to  run  out  of  the  tube,  and  the  tube  is  carefully  rolled 
with  the  hands  while  the  paraffin  is  cooling,  thus  evenly  coating  the 
entire  tube. 

Technique  of  transfusing  the  blood.  The  arms  of  both  the 
donor  and  the  recipient  are  prepared  as  for  surgical  operation.  Proper 
constriction  of  the  donor*s  arm  is  essential  if  one  wishes  to  draw  off  a 
large  quantity  of  venous  blood  rapidly.  Constriction  by  means  of  a 
rubber  tube  is  not  satisfactory  because  the  amount  of  pressure  is  not 
known,  nor  can  the  pressure  be  varied  as  desired.  An  ordinary  blood- 
pressure  apparatus  placed  about  the  arm  and  pumped  up  to  50  to  70  mm. 
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of  mercury,  depending  upon  the  rapidity  with  which  the  blood  flows, 
makes  an  excellent  constrictor.  By  this  means  the  venous  circulation  is 
impeded,  but  not  the  arterial,  thus  making  the  entire  arm  a  blood  reser- 
voir, increasing  the  pressure  in  the  vein  selected. 

It  is  imperative  to  use  a  separate  set  of  instruments  on  different 
tables  for  donor  and  patient,  in  order  not  to  transmit  infections  from 
patient  to  donor.  Under  local  anaesthesia,  using  one-half  of  one  per 
cent,  novocaine  solution  intradermally,  an  incision  is  made  over  the 
cephalic  vein  just  above  the  elbow  on  both  the  donor  and  recipient,  and 
a  ligature  placed  about  the  vein  on  its  proximal  portion  in  the  donor,  and 
on  its  distal  portion  in  the  recipient.  Small  Carrel  clamps  are  placed 
on  that  portion  of  the  vein  away  from  the  ligature  in  each  patient,  and  a 
longitudinal  incision  3  mm.  long  is  made  through  all  coats  of  each  vein 
midway  between  clamp  and  ligature.  Small  retention  clamps  are  placed 
on  the  two  edges  of  the  incision  in  each  vein  in  order  to  hold  them  open. 

Just  before  the  tube  is  inserted  into  the  donor's  vein,  about  25  c.c. 
of  sterile  liquid  paraffin  are  aspirated  into  the  tube.  The  cannula  is 
placed  pointing  distally  into  the  vein  of  the  donor,  and  the  Carrel  clamp 
released  from  the  vein.  The  blood  is  well  protected  from  the  sides  of 
the  glass  by  the  paraffin  coat.  As  the  tube  fills,  the  liquid  paraffin  floats 
on  the  blood,  thus  preventing  the  blood  from  coming  in  contact  with  the 
air.  As  soon  as  the  tube  is  filled,  which  in  our  experience  averages 
about  three  and  one-h^lf  minutes  to  withdraw  600  c.c.  of  blood,  the  Y 
valve  is  closed,  the  cannula  removed  from  the  vein,  and  the  small  clamp 
reapplied  to  the  donor's  vein. 

The  cannula  is  now  quickly  placed  in  the  lumen  of  the  vein  of  the 
recipient  and  the  Carrel  clamp  released.  The  blood  will  now  flow  into 
the  vein  of  the  recipient  toward  the  heart,  the  velocity  of  which  flow  may 
be  controlled  by  careful  pumping  of  the  rubber  atomizer  bulb.  As  soon 
as  it  is  evident  that  the  blood  is  flowing  properly,  an  assistant  may  re- 
lease the  constrictor  from  the  donor  and  ligate  the  vein  distally  to  the 
opening  from  which  the  blood  has  been  taken.  Not  more  than  five 
minutes  should  be  utilized  in  obtaining  the  blood.  The  tube  can  be 
emptied  in  about  a  minute  and  a  half,  but  greater  deliberation  is  ad- 
visable so  that  possible  hemolytic  phenomena  may  be  noticed,  acute  dilata- 
tion of  the  heart  avoided,  and  so  that  aeration  of  this  venous  blood  may 
be  more  ready. 

The  length  of  time  required  to  fill  the  tube  with  blood  varies  with 
different  donors.  It  is  w-ell  to  have  two  tubes  ready,  so  that  if  it  is 
found  that  the  first  tube  fills  slowly,  taking  more  than  five  minutes  to 
get  the  required  amount,  the  process  may  be  repeated  with  the  second 
tube,  aspirating  only  the  remainder  of  the  required  amount  of  blood. 
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As  soon  as  the  blood  has  been  injected,  the  cannula  is  removed  from 
the  vein  and  a  ligature  placed  on  the  vein  just  proximal  to  the  little  slit 
in  the  vein.     Skin  wound  is  then  closed  with  horsehair. 

Factors  of  safety.  The  chief  points  to  be  borne  in  mind  in  blood 
transfusion  are :  the  avoidance  of  hemolysis,  air  embolism,  clot  embolism, 
and  acute  dilatation  of  the  heart. 

The  greatest  risk  from  the  operation  is  that  from  hemolysis.  This 
danger  can  be  avoided  in  the  vast  majority  of  cases  if  careful  hemolytic 
and  agglutination  tests  are  always  made  preliminary  to  transfusion. 
While  laboratory  methods  have  their  limitations  and  are  not  infallible, 
still,  if  the  tests  are  always  carefully  made,  the  danger  from  hemolysis  is 
slight. 

The  danger  from  air  embolus  and  clot  embolus  can  always  be  avoided 
if  proper  care  is  exercised  in  carrying  out  the  technique  of  the  operation. 

The  danger  of  acute  dilatation  of  the  heart  is  probably  not  as  great 
as  is  generally  supposed.  So  far,  the  author  has  not  encountered  a  case 
in  which  there  was  any  evidence  of  the  heart  having  been  embarrassed  by 
the  transfusion.  It  is  well,  however,  not  to  inject  the  blood  too  rapidly 
in  very  weak  and  anaemic  patients,  especially  if  it  be  the  first  transfusion. 

Reactions  following  transfusion.  The  majority  of  our  patients 
have  not  experienced  any  noticeable  reaction  w^hatsoever.  In  about  five 
per  cent,  of  cases  a  slight  chill  has  occurred,  followed  by  temperature, 
and  in  an  additional  five  per  cent,  a  mild  temperature  developed  the  same 
evening  or  day  following  the  transfusion.  This  applies  to  transfusion  in 
which  the  patient  and  donor  were  in  the  same  blood  group,  as  classified 
by  Moss.  Whenever  we  deviated  from  this  and  used  a  donor  from  a 
different  blood  group  than  that  of  the  recipient,  as  was  occasionally 
necessary,  the  transfusion  was  usually  followed  by  a  marked  chill  and 
temperature.  A  donor  from  a  different  group  than  that  of  the  recipient 
was  never  used  except  when  the  patient  was  in  one  of  the  rarer  groups 
and  it  was  diflficult  to  find  a  donor  belonging  to  the  same  group.  In 
these  instances,  a  donor  was  chosen  from  group  IV,  a  group  whose  cor- 
puscles would  not  be  agglutinated  by  the  serum  of  the  recipient. 

ADVANTAGES  OF  ABOVE  METHOD  OF  TRANSFUSION 

1.  Known  quantities  of  blood  may  be  administered. 

2.  As  much  as  600  to  700  c.c.  of  blood  can  be  given  in  from  five  to 
eight  minutes. 

3.  Venous  blood  is  utilized  so  that  arteries  such  as  the  radial  are  not 
destroyed. 

4.  Transfusion  can  be  made  without  danger  of  contaminating  the 
donor  with  the  blood  of  the  recipient. 


BLOOD  TRANSFUSION  407 

5.  The  blood  does  not  come  in  contact  with  the  air  during  the  entire 
operation. 

6.  There  is  direct  communication  between  vein  and  chamber  by  a 
simple,  paraffin-lined  glass  cannula.  There  are  no  metal,  rubber,  or 
other  connections  which  might  cause  resistance  to  the  flow  of  blood  and 
thus  favour  the  formation  of  a  clot. 

7.  Plain,  whole  blood  is  administered,  and  in  as  nearly  its  normal 
state  as  possible.  The  blood  is  not  diluted  with  any  foreign  substance 
nor  traumatized  by  beating,  as  in  the  citrate  method,  nor  is  it  traumatized 
by  passing  through  a  series  of  valves  and  connections,  as  it  might  be  in 
some  of  the  other  indirect  methods  of  transfusion. 


PART  II 

TRANSFUSION  OF  BLOOD  WITH  THE  AID  OF  SODIUM 

CITRATE 

By  Richard  Lewisohn,  M.D.,  F.A.C.S. 

Very  great  credit  belongs  to  Crile  and  Carrel,  who  devised  and  per- 
fected the  method  of  direct  transfusion  and  who  gave  the  impetus  to  our 
modern  era  of  blood  transfusion.  Their  methods,  though  devised  only 
about  ten  years  ago,  are  of  historical  interest  only.  Direct  transfusion 
of  blood  has  been  abolished  in  this  country  on  account  of  the  cumbersome 
technic  and  the  impossibility  of  ascertaining  the  exact  amounts  of 
the  transfused  blood.  Only  approximately  was  one  able  to  gauge  the 
amount  of  blood  transfused  by  watching  the  rise  of  the  hemoglobin 
in  the  recipient,  a  method  which  is  very  crude  and  uncertain.  Further- 
more if  clotting  occurred  in  the  anastomosed  vessels,  the  result  of  the 
operation  was  most  problematical. 

All  the  modern  methods  of  blood  transfusion  are  indirect  methods. 
It  has  been  proven  beyond  doubt  that  transfusions  done  by  the  so-called 
indirect  route  are  just  as  efficient  as  those  done  by  vessel  anastorriosis. 
Their  superiority  is  based,  i,  on  the  possibility  of  ascertaining  exactly 
the  amount  of  transfused  blood,  and  2,  the  simplification  of  the  technic. 

The  technical  simplicity  of  the  citrate  method  is  based  upon  the  fact 
that  coagulation  of  the  blood  during  the  transfer  from  donor  to  recipient 
is  absolutely  prevented  by  mixing  the  blood  with  an  anticoagulant,  i.e. 
sodium  citrate.  The  attempts  to  use  an  anticoagulant  are  not  of  recent 
date.  Experiments  along  these  lines  had  been  made  by  different  investi- 
gators in  the  last  century.     However,  they  all  came  to  the  conclusion 
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that  such  anticoagulants  in  the  amounts  required  were  too  toxic  for  the 
human  body. 

Experiments  which  I  published  in  1915  showed  that  a  very  minute 
dose  of  sodium  citrate  (i.e.  0,2^)  is  sufficient  to  prevent  coagulation  of 
the  blood  for  two  days.  Furthermore  these  experiments  showed  the 
absolute  atoxicity  of  such  citrated  blood  for  the  human  organism,  even 
when  large  amounts  of  blood   (for  instance   1,500  cubic  centimetres) 
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Fig.  164.    Complete  Outfit  for  Transfusion  of  Blood  with  the  Aid  of 

Sodium  Citrate.     (Lewisohn.) 

are  required  in  cases  of  profuse  haemorrhage.  The  coagulation  time  of 
the  recipient's  blood  is  temporarily  shortened.  Thus  citrated  blood  can 
be  used  safely  and  advantageously  for  any  form  of  blood  disease,  with 
the  same  clinical  results  as  those  derived  from  uncitrated  blood. 

TECHNIC  OF  BLOOD  TRANSFUSION  WITH  THE  AID  OF  SODIUM 

CITRATE 

The  outfit  for  a  blood  transfusion  consists  of  two  small  glass  jars 

(Fig.  164,  1),  two  large  glass  jars  (/z),  two  glass  ampoules,  containing 

50  cubic  centimetres  of  a  sterilized  2.5^^  solution  of  sodium  citrate  (/), 

one  large-size  cannula  for  taking  the  blood  from  the  donor  (a),  one 

smaller  size  cannula  for  the  injection  of  the  blood  into  the  recipient  (&), 

one  glass  rod  (fe),  and  a  salvarsan  flask  (g)  with  rubber  and  glass  taper 

connect  (c,  d,  e,  /)). 

The  blood  is  taken  from  the  donor  in  the  following  manner: 

The  arm  is  w^ashed  with  soap  and  water  and  alcohol.     If  the  veins  are 

clearly  visible,   iodine  may  be  used   for  sterilization  of  the  skin.     A 
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tourniquet  is  applied  to  the  arm,  causing  moderate  constriction.  A  vein 
in  the  elbow  region  is  punctured  with  the  cannula  of  large  diameter.  It  is 
important  to  insert  the  cannula  properly  into  the  vein,  so  that  the  blood 
runs  through  it  rapidly  in  a  large  stream.  If  difficulty  is  encountered  tn 
the  proper  insertion  of  the  cannula,  the  vein  may  be  exposed  through  a 
small  incision.  The  blood  is  collected  in  the  large  glass  jar.  This  glass 
jar  contains  at  its  bottom  half  the  quantity  of  citrate  solution  needed  for 


Fig.  165.    Taking  Bloou  from  the  Donor.     (Lcwisohn.) 

the  transfusion.  In  other  words,  if  500  cubic  centimetres  of  citrated 
blood  are  needed,  we  pour  25  cubic  centimetres  of  citrate  solution  into  the 
large  glass  jar  and  add  the  residual  25  cubic  centimetres  after  we  have 
collected  250  cubic  centimetres  blood. 

The  blood  is  gently  stirred  with  a  glass  rod  to  ensure  its  proper  mix- 
ture with  the  anticoagulant.  After  the  collection  of  the  required  blood 
volume,  cannula  and  tourniquet  are  removed  and  a  few  drops  of  col- 
lodium  or  gauze  compression  are  applied  to  the  puncture  hole. 

The  recipient's  vein  is  usually  exposed  through  a  small  incision. 
The  cannula  of  smaller  calibre  is  introduced,  the  salvarsan  flask  attached 
to  the  cannula,  and  the  citrated  blood  poured  into  the  glass  flask.     As 
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a  rule  50  cubic  centimetres  of  saline  solution  are  run  through  the  tubing 
in  order  to  prevent  air  bubbles  from  getting  into  the  circulation  of  the 
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Fic.  166.    Infusi 


F  THE  CiTRATED  BlOOU  INTO  THE  RECIPIENT.      (Z,l?WWoA«) 


recipient.  The  technical  steps  for  the  injection  of  the  blood  into  the 
recipient  are  exactly  the  same  as  thuse  for  an  intravenous  infusion  of  salt 
solution. 
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TESTING  DONORS  FOR  TRANSFUSION 

The  development  of  proper  tests  for  testing  donors  and  recipient  as 
to  the  mutual  quality  of  the  blood  has  made  blood  transfusion  an  abso- 
lutely safe  procedure.  Formerly  serious  accidents,  even  deaths,  occurred 
from  incompatibility  of  the  two  bloods.  This  has  been  discussed  above 
and  need  not  be  repeated  here,  but  it  should  be  remembered  that  just  as 
great  care  should  be  used  in  this  method  as  in  any  other. 

Blood  relatives  (father,  mother,  son,  etc.)  have  to  be  tested  just  as 
carefully  as  strangers.  The  idea  that  blood  relatives  of  the  recipient  do 
not  require  a  test  is  erroneous.  The  only  exception  to  the  rule  is  the 
fact  that  in  new-born  infants  the  mother's  blood  can  be  safely  used  with- 
out previous  tests   (Cherry  and  Langrock). 

The  same  donor  should  not  be  used  for  a  second  transfusion  without 
another  test.  Following  a  transfusion  from  one  donor,  the  blood  of 
other  suitable  donors  has  to  be  tested  again  before  a  subsequent  trans- 
fusion, is  given,  as  the  recipient's  blood  may  have  been  altered  by  the 
first  transfusion   (Libman  and  Ottenberg). 

Indications.  Blood  transfusion  has  always  appealed  to  the  imagi- 
nation not  only  of  the  laity  but  of  the  medical  profession.  It  is  there- 
fore not  surprising  that  transfusion  of  blood  as  a  therapeutic  agent  has 
been  suggested  for  a  great  variety  of  diseases. 

Two  groups  will  always  stand  out  as  the  great  domain  for  blood 
transfusion:  acute  haemorrhages  and  the  haemorrhagic  diseases. 

For  acute  haemorrhages  by  traumatism  or  rupture  of  a  large  blood 
vessel  (bleeding  gastric  ulcer,  ruptured  ectopic,  typhoid  haemorrhage, 
etc.)  blood  transfusion  is  the  remedy  par  excellence.  Saline  infusion  is 
a  very  poor  and  inefficient  substitute  for  blood.  Lately  7  per  cent,  acacia 
solution  has  been  suggested  by  Bayliss.  This  may  be  of  some  value  in  • 
raising  the  blood  pressure.  Its  effects  upon  the  system  can  certainly  not 
be  compared  with  the  beneficent  effects  of  an  infusion  of  blood  into  an 
exsanguinated  patient. 

In  every  severe  case  of  typhoid  fever  a  tested  donor  ought  to  be  on 
hand  for  the  emergency  which  may  arise  at  any  moment.  The  mortality 
of  typhoid  fever  could  thus  be  decreased  materially. 

Williams  has  lately  again  pointed  out  its  great  value  for  injuries 
on  the  battlefield.  In  the  present  war  blood  transfusion  seems  to  be 
used  quite  extensively,  judging  from  different  articles  on  this  subject 
which  have  appeared  in  European  medical  journals. 

Second  in  value  and  efficiency  is  the  transfusion  of  blood  in  haemor- 
rhagic diseases  (hemophilia,  purpura,  and  allied  conditions).  In  typical 
cases  of  hemophilia,  blood  transfusion  is  a  very  efficient  remedy.     I  have 
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seen  a  number  of  cases,  where  serum  and  coagulen  had  been  tried  without 
effect  and  where  transfusion  of  foreign  blood  stopped  the  haemorrhage  in- 
stantly. Results  in  cases  of  purpura  have  not  been  quite  as  satisfactory. 
In  quite  a  few  cases,  specially  those  of  persistent  metrorrhagia  in  young 
women,  which  belonged  clinically  to  this  group,  repeated  transfusion 
of  blood,  taken  from  different  donors,  failed  to  stop  the  haemorrhage. 

One  of  the  most  gratifying  fields  for  blood  transfusion  is  in  hemo- 
philia neonatorum.  The  babies  are  usually  brought  to  the  hospital  by 
the  father  in  a  very  exsanguinated  condition.  The  mother's  blood  is  the 
only  one  available  without  tests  (see  above).  We  therefore  send  a 
member  of  the  house  staff  to  the  parent's  home  and  lOO  to  150  cubic 
centimetres  of  blood  are  taken  from  the  mother.  The  citrated  blood  is 
then  carried  back  to  the  hospital  and  injected  into  one  of  the  arm  veins 
of  the  baby  through  a  small  incision  of  the  skin.  Haemorrhage  stops 
immediately  after  the  transfusion  and,  furthermore,  these  babies  are 
permanently  cured.  The  intramuscular  injection  of  horse  serum,  which 
has  been  suggested  by  Welch  as  a  cure  for  these  cases,  failed  to  stop  the 
bleeding  in  a  few  cases  which  responded  subsequently  to  transfusion. 
One  injection  of  serum  may  be  tried.  However,  if  the  haemorrhage  does 
not  cease,  blood  transfusion  should  be  resorted  to  as  an  absolute  and 
permanent  cure  for  these  cases. 

We  have  used  transfusion  of  blood  quite  extensively  as  a  pre-oper- 
ative  procedure  and  our  results  in  this  line  have  l^een  very  gratifying. 
Patients  who  have  to  undergo  an  extensive  operation  and  who  are  in  a 
weak  condition  from  the  underlying  disease,  ought  to  be  transfused. 
They  will  thus  stand  even  very  long  operations  remarkably  well. 

Another  field  for  the  use  of  transfusion  is  cholemia,  either  pre- 
operative or  post-operative.  The  alarming  post-operative  oozing  of  a 
jaundiced  patient,  who  has  suffered  from  a  common  duct  stone,  can 
often  be  stopped  instantaneously  by  transfusion. 

We  need  not  enter  very  extensively  into  a  discussion  of  the  value 
of  blood  transfusion  in  leukaemia  and  pernicious  anaemia.  The  great 
enthusiasm  with  which  permanent  results  of  cure  were  claimed  for  blood 
transfusion  in  these  very  serious  diseases  of  the  blood  has  gradually 
vanished.  We  must  grant  that  we  can  hardly  expect  real  cures.  How- 
ever, by  repeated  transfusions  the  life  can  be  prolonged  for  one  to  two 
years.  In  the  beginning  of  the  disease  the  clinical  results  of  transfusion 
are  most  startling.  In  the  later  stages  or  after  repeated  injections  of 
blood  the  results  leave  much  to  be  desired  and  are  often  hardly  worth  the 
efforts. 

It  has  been  the  endeavour  of  the  medical  profession  for  many  cen- 
turies to  cure  the  different  forms  of  sepsis  by  blood  transfusion.     Our 
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results  in  puerperal  sepsis  have  been  absolutely  negative.  On  the  other 
hand  otogenic  and  other  forms  of  sepsis  will  often  respond  remarkably 
well  to  this  treatment. 

Blood  transfusion  represents  the  treatment  par  excellence  for  CO- 
poisoning.  It  has  been  used  repeatedly  in  tuberculosis.  The  results  do 
not  seem  to  be  very  promising. 


CHAPTER  V 
LIGATURE  OF  ARTERIES 

GENERAL  CONSIDERATIONS 

Ligature  of  an  artery  in  continuity  is  an  operation  that  at  the 
present  time  does  not  receive  as  much  attention  as  was  devoted  to  it 
in  former  years.  With  the  introduction  of  asepsis  the  good  effects  of 
the  improvement  in  surgical  methods  were  shown  in  a  striking  manner 
in  the  results  of  the  ligature  of  arteries.  Up  to  that  time  there  were  two 
great  risks  attached  to  these  operations  which  were  peculiar  to  them; 
they  were  secondary  haemorrhage  and  gangrene  of  the  limb.  The  most 
gratifying  results  followed  the  use  of  aseptic  precautions,  and  secondary 
haemorrhage  practically  disappeared  from  the  complications  of  the  opera- 
tion. It  is  true  that  secondary  haemorrhage  may  still  occur  after  ligature 
of  the  largest  arteries,  in  spite  of  all  precautions  to  the  contrary,  but 
it  has  become  evident  that  in  the  vast  majority  of  cases  the  cause  of 
secondary  haemorrhage  was  really  sepsis,  and  that  if  this  can  be  avoided 
many  of  the  elaborate  precautions  laid  down  by  former  writers  on  the 
subject  are  unnecessary.  Similarly,  it  was  soon  discovered  that  the 
occurrence  of  gangrene  in  the  limb  is  far  less  frequent  when  aspesis  is 
attained,  and  it  became  clear  that  sepsis  plays  an  important  part  as  an 
exciting  cause  of  gangrene.  The  septic  inflammatory  swelling  that  often 
followed  ligature  of  a  main  vessel  was  sufficient  to  embarrass  the  circula- 
tion and  precipitate  gangrene.  Since  the  introduction  of  aseptic  methods 
it  has  been  found  that  not  only  the  main  artery  but  also  the  main  vein 
may  be  ligatured  without  risk  of  gangrene,  and  the  two  vessels  may  even 
be  tied  simultaneously  with  a  fair  chance  of  gangrene  being  avoided, 
provided  that  the  wound  remains  aseptic. 

Moreover,  the  treatment  of  aneurysm  has  undergone  a  considerable 
revolution,  mainly  as  a  result  of  the  introduction  of  aseptic  methods, 
and  the  more  radical  methods  of  dealing  with  the  aneurysm  by  cutting 
directly  down  upon  it  and  either  extirpating  the  sac  entirely  or  dealing 
with  it  by  some  such  method  as  Matas's  operation  (see  p.  382)  make 
ligature  in  continuity  less  frequently  done  than  it  was  in  former  times. 
Finally,  the  application  of  aseptic  methods  to  wounds  has  largely  ban- 
ished that  form  of  secondary  haemorrhage  accompanying  fractures  or 
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wounds  of  vessels  which  necessitated  ligature  of  the  main  trunk  before  it 
could  be  controlled;  the  surgeon's  confidence  in  his  aseptic  methods  is 
now  so  great  that  he  would  never  think  of  trying  to  treat  a  wound  of  a 
large  vessel  by  pressure  in  preference  to  a  careful  exploration  of  the 
parts  under  the  control  of  an  Esmarch  bandage  in  order  to  identify  and 
ligature  the  bleeding  points. 

For  all  these  reasons  ligature  of  arteries  in  continuity  has  come  to 
occupy  quite  a  secondary  position  in  modern  surgery.  The  operations 
still  have  to  be  done  under  certain  circumstances,  however,  and  many 
of  them  have  to  be  performed  under  circumstances  of  peculiar  danger 
and  difficulty.  Owing  to  various  exigencies  connected  with  the  supply 
and  preservation  of  subjects,  these  operations  still  form  the  bulk  of  those 
set  at  examinations,  and  their  consideration  must  therefore  be  gone  into 
fully.  Before  dealing  with  the  exposure  and  ligature  of  the  individual 
vessels,  it  will  be  well  to  enumerate  a  few  important  principles  applicable 
to  the  ligature  of  vessels  in  general. 

Exposure  of  the  artery.  In  many  instances  the  artery  is  exposed 
by  an  incision  which  lies  directly  over  its  anatomical  line,  and  there 
are  many  cases — such,  for  instance,  as  ligature  of  the  upper  third  of  the 
anterior  tibial — in  which  accurate  definition  of  this  line  makes  all  the 
difference  between  an  easy  and  a  difficult  operation.  In  other  cases, 
such  as  the  posterior  tibial,  the  anatomical  line  is  disregarded  by  the 
surgeon  and  a  set  incision  is  made  which  experience  has  shown  to  be  the 
easiest  for  the  purpose.  In  all  cases  great  importance  should  be  attached 
to  the  proper  placing  of  the  incision,  as  it  is  difficult  to  rectify  a  mistake 
made  in  this  respect  without  doing  unnecessary  damage. 

The  length  of  (he  incision  should  always  be  directly  proportionate  to 
the  depth  from  the  surface  at  which  the  vessel  lies.  This  will  therefore 
vary  not  only  with  the  particular  artery  to  be  tied,  but  with  the  fatness 
or  muscularity  of  the  individual  patient,  and  is  a  point  that  must  always 
be  taken  into  due  consideration.  An  artery  that  can  be  exposed  quite 
easily  through  an  incision  two  inches  long  in  a  spare  person  would  prob- 
ably be  quite  inaccessible  through  a  similar  incision  in  a  very  fat  or 
muscular  one.  In  all  cases  the  incision  should  be  sufficiently  long  to 
enable  the  surgeon  to  carry  out  his  manipulations  with  ease,  but  it  must 
not  be  unduly  long,  as  this  is  not  only  unskilful  but  may  expose 
important  structures  to  injury.  The  lengths  of  the  incisions  given  in  the 
following  chapters  are  approximate  only  and  apply  to  subjects  of  medium 
development. 

The  line  of  incision  may,  if  the  surgeon  likes,  be  planned  very  accu- 
rately by  marking  upon  the  patient's  skin  the  anatomical  landmarks  by 
which  it  is  determined.    This,  however,  is  not  necessary,  as  it  is  usually 
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sufficient  to  make  an  assistant  place  his  fingers  upon  these  landmarks ;  the 
surgeon  then  draws  an  imaginary  line  between  them  and  can  thus  plan  his 
incision  very  accurately.  It  is  essential,  also,  that,  when  taking  the  ana- 
tomical line,  the  limb  should  be  in  the  position  in  which  it  is  to  He  when 
the  operation  is  performed.  Thus  the  line  for  the  femoral  artery  (see 
p.  444)  varies  considerably  according  to  whether  the  limb  is  flexed, 
abducted,  and  rotated  outwards,  or  whether  it  lies  flat  upon  the  table. 

There  are  a  few  points  to  be  attended  to  in  actually  making  the 
incision  down  to  the  artery.  The  knife,  which  should  be  held  as  shown 
in  Fig.  167,  should  be  made  to  cut  strictly  at  right  angles  to  the  surface 
of  the  skin,  so  that  its  edges  are  not  bevelled,  and  every  incision  of  the 
deeper  structures  should  be  exactly  the  same  length  as  the  cutaneous  one. 
This  ensures  the  surgeon  ample  room  if  the  skin  incision  is  long  enough 


Fig.  167.    Correct  Method  of  holdi.vc  the  Knife  when  cutting  down  upon 
AN  Artery. 

originally,  and  he  will  therefore  not  fall  into  the  error  of  making  a 
conical  pit  in  which  he  will  find  it  extremely  difficult  to  work.  All 
incisions  should  be  made  with  as  clean  a  cut  as  possible  and  without 
any  displacement  of  parts.  Should  it  be  desirable  to  retract  the  edges  ot 
the  wound,  this  should  be  done  equally  on  the  two  sides,  unless  there 
be  some  definite  reason  for  pulling  the  wound  to  one  side  rather  than 
to  the  other.  There  is  no  more  fertile  source  of  error  in  operating  upon 
the  dead  subject  than  retraction  of  the  wound  to  one  side;  it  leads  the 
operator  to  work  towards  that  side  until  he  eventually  travels  hopelessly 
away  from  the  line  of  the  vessel  he  is  seeking. 

No  director  or  tearing  instrument  should  be  employed,  the  point  of 
the  knife  being  used  to  divide  the  tissues,  which  should  be  picked  up  in 
fine-toothed  forceps  and  damaged  as  little  as  possible.  Intermuscular 
septa  must  l>e  looked  for  and  identified  with  the  greatest  care  and  gentle- 
ness. In  the  living  subject  they  are  not  so  difficult  to  find  as  they  are 
in  the  cadaver.     The  uneipial  contraction  of  the  different  muscles  and 


LIGATURE  OF  ARTERIES  417 

the  presence  of  fat  and  emergent  vessels  generally  render  the  identifica- 
tion of  intermuscular  septa  in  the  living  a  comparatively  easy  matter 
if  due  search  be  made  for  them.  In  the  dead  subject,  however,  there 
is  nothing  easier  than  to  make  an  artificial  intermuscular  septum  at  any 
particular  point,  especially  in  the  bodies  preserved  with  formalin,  in 
which  the  pallor  of  the  muscular  fibres  and  their  friability  are  very 
misleading  and  tempt  the  operator  to  find  or  to  make  intermuscular 
septa  where  none  exist.  When  the  desired  intermuscular  septum  has 
been  reached,  the  knife  should  be  no  longer  used,  but  the  septum  opened 
up  with  a  blunt  instrument,  such  as  a  fine  spatula  or  dissector,  until  the 
finger  can  be  inserted,  when  the  latter  is  swept  up  and  down  and  forms 
a  most  effectual  muscular  separator.  When  the  septum  has  been  opened 
up,  the  limb  should  be  arranged  so  as  to  relax  the  muscles  concerned 
to  the  utmost  extent,  and  these  should  be  kept  out  of  the  way  by  broad 
spatulae  used  as  retractors,  which  keep  the  muscles  back  better  than  the 
usual  fenestrated  retractors  and  at  the  same  time  are  useful  in  reflecting 
light  from  outside  into  the  depths  of  the  wound,  a  point  of  considerable 
importance  when  such  a  vessel  as  the  anterior  tibial  has  to  be  picked 
up  deep  down  on  the  interosseous  membrane.  It  is  in  cases  like  this 
that  a  powerful  forehead-light  is  of  the  greatest  assistance ;  in  some  of 
the  deeper-seated  arteries  the  operation  is  most  difficult  without  its 
help. 

The  identification  of  the  artery  is,  or  should  be,  quite  easy  in  the 
living  subject;  it  pulsates,  and  that  should  suffice  for  its  identification 
anywhere.  If  not,  its  characteristic  yellow  elastic  appearance  cannot 
be  well  mistaken  for  anything  else.  In  the  dead  subject,  however,  the 
identification  is  more  difficult,  but  here  its  dead  white  colour,  with  the 
characteristic  flat  groove  along  the  centre  of  its  anterior  surface,  and  its 
tough  feel  are  sufficient  to  make  a  mistake  improbable. 

Ligature  of  the  artery.  Before  the  artery  can  be  tied,  certain 
steps  must  be  taken  to  ensure  that  only  the  vessel  is  included  in  the 
ligature.  There  are  nearly  always  important  structures  in  intimate 
relation  with  the  various  vessels,  such  as  veins,  nerves,  muscles,  and 
other  structures,  and  these  have  to  be  separated  from  the  artery  and 
pulled  aside  before  the  ligature  is  passed.  Appropriate  directions  will 
be  given  in  the  following  pages  for  each  individual  case.  Here  it  is 
sufficient  to  make  the  general  remark,  that  when  there  are  venae  comites 
which  closely  surround  the  artery  and  anastomose  across  it,  as  is  the 
case  with  the  arteries  below  the  knee  and  the  bend  of  the  elbow,  it  is 
best  to  pass  the  ligature  around  both  artery  and  veins;  attempts  to 
separate  the  two  structures  invariably  end  in  the  most  troublesome 
oozing,  owing  to  the  free  anastomosis  of  the  veins  across  the  artery,  and 
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there  is  no  increased  risk  of  gangrene  occurring  from  the  obliteration 
of  the  vencC  comites  with  the  main  artery. 

When,  however,  the  artery  possesses  a  well-defined  sheath,  as  it  does 
from  the  popliteal  and  brachial  arteries  upwards,  this  must  he  opened 
and  the  artery  within  it  properly  cleared  before  the  ligature  can  be 
passed  successfully.  The  sheath  of  the  artery  is  a  well-defined  structure 
and  there  is  a  definite  loose  cellular  interval  between  it  and  the  wall 
of  the  vessel.  In  this  the  needle  can  be  easily  introduced  close  to  the 
wall  of  the  artery  without  the  risk  of  any  other  structure  being  included, 
provided  aUvays  that  the  point  of  the  needle  be  kept  well  within  the 
sheath.  Important  structures,  such  as  the  vein  or  nerve,  usually  lie 
outside  the  sheath,  and  this  precaution  alone,  if  properly  adhered  to, 
is  sufficient  to  save  them  from  inclusion  in  the  ligature.  At  the  same 
time,  clearing  the  artery  must  be  done  carefully  if  it  is  to  be  done  success- 
fully. The  classical  way  is  to  pinch  up  a  small  fold  of  the  sheath  with 
forceps  parallel  with  the  long  axis  of  the  vessel.  The  knife,  held  quite 
horizontal,  is  made  to  cut  this  small  elliptical  piece  out  of  the  sheath. 
One  edge  of  this  opening  is  now  seized  in  fine-toothed  forceps,  and 
the  point  of  the  aneurysm  needle  is  insinuated  by  gentle  lateral  move- 
ments l^etween  it  and  the  adjacent  wall  of  the  artery  until  it  has  been 
passed  half-way  round  the  vessel  on  that  side.  It  is  then  withdrawn, 
the  opposite  side  of  the  incision  in  the  sheath  is  seized  and  steadied, 
and  the  aneurysm  needle  is  inserted  between  it  and  the  artery,  and  a 
similar  procedure  is  carried  out  until  in  this  way  the  artery  has  been 
separated  from  its  sheath  round  its  whole  circumference.  Finally  the 
needle  is  passed  from  the  appropriate  side  between  the  artery  and  the 
sheath,  the  forceps  steadying  the  corresponding  edge  in  the  incision  in 
the  sheath  meanwhile. 

Particular  stress  was  laid  by  former  writers  upon  the  necessity  for 
delicacy  and  care  in  performing  this  little  operation.  For  instance,  the 
operator  was  warned  that  on  no  account  should  he  denude  the  artery 
of  its  sheath  for  more  than  a  quarter  of  an  inch,  lest  the  nutrition  of  the 
vessel  wall  should  l)e  interfered  with  and  secondary  h«Temorrhage  should 
result.  For  a  similar  reason  the  vessel  was  not  to  be  lifted  out  of  its 
bed.  We  now  know  that  neither  of  these  points  are  of  any  practical 
importance,  however  much  a  rigorous  observance  of  them  may  conduce 
to  neatness  in  operating.  In  practice,  therefore,  the  surgeon  will  clear 
the  artery  in  such  a  manner  as  to  enable  him  to  pass  the  ligature  between 
the  vessel  and  its  sheath  with  ease  and  without  using  any  force.  Any 
violence  is  almost  certain  to  result  in  a  contretemps  of  a  serious  nature, 
such  as  transfixion  of  the  vessel  wall  or  wound  of  some  important 
neighbouring  structure,  such  as  the  vein  or  the  pleura.     The  surgeon 
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should  have  at  hand  aneurysm  needles  with  various  curves  and  bent 
at  various  angles.  He  may  even  have  recourse  to  a  probe,  which 
can  be  bent  to  a  suitable  angle  and  upon  which  the  ligature  can  be 
threaded. 

The  next  important  point  is  the  question  of  the  material  for  ligature 
and  the  method  in  which  the  ligature  should  be  applied.  Many  different 
materials  have  been  advocated  from  time  to  time,  but  the  one  that  holds 
the  field  is  silk;  this  can  be  rendered  absolutely  sterile  by  boiling,  and 
therefore  there  need  be  no  fear  of  its  being  the  cause  of  sepsis  or 
secondary  haemorrhage.  The  ordinary  Chinese  twist  is  generally  used, 
and  a  moderate-sized  thread  will  be  required  for  ligature  of  most  of 
the  arteries.  These  are  occluded  by  pulling  the  ligatures  sufficiently  tight 
to  divide  the  inner  and  middle  coats ;  this  gives  a  characteristic  sensation 
which  cannot  be  mistaken.  The  first  loop  of  the  ligature  is  drawn  tight 
in  the  ordinary  way,  and  then  the  traction  is  kept  up  until  the  coats 
are  felt  to  give  way,  when  the  second  loop  of  the  ligature  is  tightened. 
Care  must  of  course  be  taken  to  tie  a  true  reef-knot  and  not  a  *  granny  '. 
Thus  the  traction  required  to  divide  the  inner  and  middle  coats  necessi- 
tates the  use  of  rather  stouter  silk  than  would  be  necessary  were  the 
vessel  walls  merely  approximated. 

Simple  approximation  of  the  vessel  walls  has  been  strongly  advocated 
by  Ballance  and  Edmunds  (Ligation  in  Continuity,  London,  1891)  as 
a  substitute  for  division  of  the  inner  and  middle  coats  in  all  the  larger 
arteries.  Their  experiments  tend  to  show  that,  while  simple  approxima- 
tion is  sufficient  to  cause  immediate  and  permanent  occlusion  of  the 
vessel,  it  possesses  the  great  advantage  over  division  of  the  coats  that 
there  is  no  damage  done  to  the  arterial  wall,  which  is  as  capable  of 
withstanding  the  high  arterial  pressure  as  it  was  before  ligature.  As 
a  matter  of  practice  it  is  found  immaterial  whether  or  not  the  vessel  walls 
are  divided  in  the  arteries  below  the  common  femoral,  and,  since  it  is 
easier  to  divide  the  coats  than  to  approximate  them  carefully,  this  method 
of  ligature  is  in  general  use  for  ligature  of  the  superficial  femoral  and  the 
third  part  of  the  axillary  and  all  the  branches  below  these  vessels.  Above 
these  points,  however,  the  pressure  to  which  the  damaged  arterial  wall 
will  be  exposed  after  division  of  its  coats  is  so  great  that  secondary 
haemorrhage  due  to  this  mechanical  cause  is  likely  to  occur  even  in  an 
aseptic  wound,  and  therefore  simple  approximation  without  division  of 
the  coats  is  distinctly  preferable.  For  this  purpose  Ballance  and  Ed- 
munds (loc.  cit.)  recommend  the  use  of  multiple  ligatures  of  soft  floss 
silk  tied  in  what  they  term  a  *  stay-knot '  (see  Fig.  168).  In  this  method 
at  least  two  ligatures  are  employed;  if  more  are  used,  as  may  be  the  case 
in  large  arteries  such  as  the  innominate,  they  should  be  arranged  in  pairs. 
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The  proximal  of  the  two  ligatures  is  6rst  tied  in  a  single  loop  and  its 
ends  are  held  on  the  stretch  by  an  assistant  just  sufficiently  tightly  to 
bring  the  vessel  walls  together  and  check  the  pulsation  on  the  distal 
side.  This  acts  as  a  breakwater  while  the  second  ligature  is  made  to 
approximate  the  vessel  walls  in  a  similar  fashion ;  the  two  ligatures 
are  applied  closely  side  by  side.  The  two  ends  of  the  primary  loops 
of  each  ligature  are  then  taken  by  the  operator  in  each  hand  and  are 
tied  together  to  form  the  second  loop  of  the  knot  (see  Fig.  157).  This 
makes  a  single  Hat  knot  which  lies  well  upon  the  middle  of  the  silk  and 
does  not  press  against  the  vessel  wall  as  it  pulsates.     One  reason  for 
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FiiJ.  168.  The  'Stay-knot'  of  Bai.lance  and  Eduunds.  In  a  the  first 
loops  of  the  two  ligatures  have  heen  tied.  In  b  the  two  ends  on  each  side  are 
made  to  form  the  second  loop  of  the  knot,  which  is  shown  completed  in  c,  in 
which  a  second  pair  of  ligatures  is  being  applied  beyond  it. 

using  double  ligatures  is  that  it  ensures  perfect  stoppage  of  the  blood- 
stream. With  a  single  ligature  it  is  almost  impossible  to  approximate 
the  vessel  walls  accurately  without  dividing  them,  and,  unless  the  approxi- 
mation he  perfect,  the  circulation  will  go  on  in  spite  of  the  ligature. 
By  applying  the  ligatures  in  pairs  the  second  can  be  tightened,  whilst 
the  first  acts  as  a  breakwater  and  takes  the  full  force  of  the  circulation. 
and  therefore  there  is  little  chance  of  the  second  ligature  stretching 
during  the  tying  of  the  second  knot.  Another  reason  for  the  double 
ligature  is  that,  owing  to  its  breadth,  it  keeps  the  knot  from  being  pressed 
upon  by  the  expansile  vessel  wall ;  this  Ballance  and  Edmunds  found  to 
f)e  a  fertile  source  of  secondary  ha-morrhage.     For  the  large  vessels  it 
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seems  obviously  a  good  plan  to  employ  as  wide  a  ligature  as  possible, 
and  for  this  purpose  two,  three,  or  even  more  pairs  of  ligatures  applied 
in  this  manner  may  be  useful. 

The  aneurysm  needle  is  always  passed  round  the  vessel  unthreaded. 
When  a  double  ligature  is  to  be  applied  this  can  be  done  by  passing 
and  withdrawing  the  needle  once.  When  four  or  six  are  used  it  will 
probably  be  advisable  to  provide  a  needle  with  a  particularly  large  eye 
into  which  all  the  ligatures  can  be  threaded,  as  in  vessels  of  the  size  of 
the  innominate  the  frequent  passage  of  an  aneurysm  needle  around  it  is 
likely  to  be  fraught  with  some  danger.  If  no  special  needle  of  this  kind 
be  at  hand  the  difficulty  can  be  got  over  by  passing  a  loop  of  silk  round 
the  vessel  and  threading  through  the  loop  the  number  of  ligatures  that 
are  to  surround  the  vessel.  These  are  then  pulled  into  place  by  with- 
drawing the  loop. 

Difficulties  and  dangers.  There  are  of  course  many  special  dif- 
ficulties and  dangers  connected  with  the  ligature  of  individual  arteries, 
which  will  be  duly  pointed  out  and  the  best  means  for  avoiding  them 
indicated  in  connexion  with  the  particular  operations  in  which  they 
may  arise.  The  only  dangers  common  to  all  operations  of  this  sort  to 
which  attention  need  be  directed  here  are  inclusion  of  other  structures 
within  the  ligature,  and  wound  of  the  companion  vein.  Of  these  dangers 
the  first  can  obviously  only  be  avoided  by  anatomical  knowledge  and 
careful  operating.  The  surgeon  should  know  what  structures  are  to  be 
avoided  and  where  they  are  situated.  A  wound  of  the  companion  vein 
is  an  accident  that  is  likely  to  occur  in  many  situations.  In  some  arteries, 
such  as  the  popliteal  and  the  lower  part  of  the  femoral,  the  vein  is  very 
closely  adherent  to  the  artery,  and  is  easily  pricked  unless  great  care  be 
taken.  The  best  way  of  avoiding  this  accident  is  always  to  pass  the 
needle  from  the  vein,  i.e,  between  the  vein  and  the  artery.  This  ensures 
the  point  of  the  needle  being  kept  in  strict  contact  with  the  wall  of  the 
artery  for  at  least  that  portion  of  its  course  during  which  the  vein  is 
likely  to  be  encountered.  The  time  at  which  accidents  usually  occur  is 
when  the  point  of  the  needle  is  being  made  to  emerge  from  the  hole  in 
the  sheath  after  it  has  passed  round  the  vessel.  Should  its  point  be 
allowed  to  get  outside  the  sheath  damage  is  sure  to  be  done. 

The  treatment  of  this  somewhat  alarming  accident  is  very  simple. 
The  needle  should  be  withdrawn  at  once  and  no  further  attempt  should 
be  made  to  tie  the  artery  in  this  situation.  As  a  rule  the  haemorrhage 
in  the  vein  stops  readily,  particularly  if  the  artery  be  ligatured  at  a  fresh 
spot  either  above  or  below  the  point  at  which  it  was  originally  proposed 
to  do  this.  Should  the  wound  in  the  vein  go  on  bleeding,  either  a  lateral 
ligature  may  be  put  on  or  the  wound  may  be  sewn  up  with  a  fine  continu- 
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ous  suture  (see  p.  379);  this  will  probably  stop  the  bleeding  without 
interfering  with  the  circulation  through  the  vein. 

After-treatment.  Whenever  the  artery  ligatured  is  an  important 
one  the  most  stringent  precautions  must  be  taken  against  gangrene.  The 
entire  extremity  should  be  thoroughly  purified  as  if  for  operation,  so 
that  if  gangrene  occur  sepsis  shall  not  find  entrance  from  outside.  It  is 
then  enveloped  in  an  aseptic  dressing  surrounded  by  a  large  mass  of 
cotton  wool  several  inches  thick  laid  on  quite  evenly,  and  loosely  ban- 
daged on.  The  extremity  is  raised  upon  a  suitable  pillow  or  rest  and 
is  kept  as  warm  as  possible.  It  is  a  good  plan  to  sling  the  limb  and  to 
alter  the  sling  from  day  to  day  so  as  to  prevent  prolonged  pressure  upon 
any  one  point.  The  patient  should  not  be  allowed  to  move  the  limb  for 
at  least  three  weeks  after  the  operation. 
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EXTREMITY 

CHAPTER  VI 
LIGATURE  OF  THE  ARTERIES  OF  THE  FOOT  AND  LEG 

LIGATURE  OF  THE  DORSALIS  PEDIS  ARTERY 

Indications.  Very  few;  the  operation  is  practically  a  dissecting- 
room  exercise. 

(i)  It  may  be  required  for  a  wound  of  the  vessel.  Firm  pressure 
should  be  applied  over  the  line  of  the  artery  on  the  proximal  side  of  the 
wound,  which  is  then  enlarged  and  the  divided  ends  ligatured. 

(ii)  It  has  been  resorted  to  in  order  to  stop  secondary  hccmorrhage 
from  a  septic  wound  of  the  sole;  in  these  cases  the  posterior  tibial 
artery  should  be  secured  behind  the  inner  ankle  at  the  same  time. 

(iii)  It  has  been  done  for  traumatic  aneurysm  of  the  vessel.  The 
best  plan  in  these  rare  cases  is  to  secure  the  vessel  on  either  side  of  the 
aneurysm  and  then  to  excise  the  latter  completely. 

Surgical  anatomy.  The  dorsalis  pedis  is  the  continuation  of  the 
anterior  tibial  artery,  and  extends  from  the  mid-point  between  the  two 
malleoli  on  the  front  of  the  ankle  to  the  upper  end  of  the  first  interosseous 
space,  through  which  it  passes  into  the  sole  between  the  two  heads  of  the 
first  dorsal  interosseous  muscle.  In  its  course  the  artery  lies  successively 
upon  the  anterior  ligament  of  the  ankle-joint,  the  head  of  the  astragalus 
(talus),  the  superior  astragalo-scaphoid  (talo-navicu!ar)  ligament,  the 
ligaments  between  the  middle  (second)  and  internal  (first)  cuneiforms, 
and  part  of  the  latter  bone.  It  is  covered  by  the  skin  and  fascia,  con- 
taining branches  of  the  musculo-cutaneous  (superficial  peroneal)  and 
anterior  tibial  (deep  peroneal)  nerves  and  the  internal  saphenous  vein, 
and  the  upper  part  of  it  lies  beneath  the  lower  part  of  the  anterior  annular 
(crucial)  ligament  of  the  ankle,  while  below,  near  its  termination,  it  is 
crossed  obliquely  by  the  innermost  tendon  of  the  extensor  digitorum 
brevis.  It  lies  between  the  tendon  of  the  extensor  hallucis  longus  inter- 
nally and  the  innermost  tendon  of  the  extensor  digitorum  longus  exter- 
nally; between  the  latter  structure  and  the  artery  is  the  anterior  tibial 
(deep  peroneal)  nerve.  The  vessel  is  accompanied  by  venae  comites, 
one  on  either  side  (see  Fig.  169). 
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The  artery  gives  off  its  lateral  tarsal  branch  just  after  it  emerges 
from  beneath  the  anterior  annular  (crucial)  ligament,  and  its  meta- 
tarsal (arcuate)  branch  just  before  it  dips  down  into  the  first  inter- 
osseous space.  It  may  be  tied  any- 
where between  these  two  points; 
the  ligature  is  usually  applied  at 
the  point  where  the  artery  is 
crossed  by  the  innermost  tendon  of 
the  extensor  brevis,  viz.  just  before 
it  passes  into  the  first  interosseous 
space. 

Operation.  An  assistant  holds 
the  foot  resting  firmly  on  the  heel 
and  somewhat  plantar-flexed,  so  as 
to  make  the  extensor  tendons 
prominent.  The  surgeon  stands  to 
the  outer  side  of  the  limb  and 
makes  an  incision  an  inch  long  par- 
allel with  and  just  external  to  the 
tendon  of  the  extensor  hallucis 
longus  when  that  can  be  identified; 
in  cases  of  doubt  the  anatomical 
guide-line  (see  Fig.  170)  given 
above  should  be  followed.  The  in- 
cision is  generally  made  over  the 
lower  end  of  the  artery,  terminat- 
ing below  over  the  upper  end  of 
the  first  interosseous  space,  but  it 
may  be  anywhere  along  the  line  of 
the  vessel. 

This  incision  is  deepened  care- 
fully in  order  to  avoid  wounding 
the  tendon  sheaths.  The  interval 
between  the  tendons  of  the  first 
and  second  toes  is  identified  and 
opened  up  by  dividing  the  dorsal 
fascia  of  the  foot,  and  a  little  dis- 
section will  then  reveal  the  artery  with  its  venre  comites,  and  the  verv 
narrow  tendon  of  the  extensor  digitorum  brevis  crossing  it  (see  Fig. 
169).  This  tendon  may  be  drawn  either  downwards  or  to  the  inner  side, 
and  the  ligature  is  passed  from  the  outer  side.  It  is  as  well  to  include  the 
vena.'  comites  in  the  ligature,  as  they  are  often  difficult  to  separate  from 


Fig.  169.  The  Dorsalis  Pedis 
Arterv.  On  the  left-hand  side  i: 
the  tendon  of  the  extensor  hallucis 
longus.  On  the  opposite  side  the  11 
most  tendon  of  the  extensor  digitorum 
communis  is  pulled  back  by  the  re 
tractor.  The  artery  is  seen  with 
vena  comes  on  each  side;  external  t' 
the  outer  one  lies  the  anterior  tibia! 
(deep  peroneal)   nerve. 
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it.  The  anterior  tibial  (deep  peroneal) 
nerve  lies  well  to  the  outer  side  of  the 
artery,  almost  under  the  innermost  ten- 
don of  the  extensor  digitorum  longus,  and 
is  often  not  seen. 

It  is  better  to  seize  the  artery  in  two 
pairs  of  Spencer  Wells's  forceps,  divide  it 
between  them,  and  then  to  tie  each  end 
separately,  than  to  ligale  the  vessel  in 
continuity. 

Difficulties.     The    artery     is    very 
variable  both  in  its  size  and  its  course. 
It  may  be  wanting  altogether;  it  not  in- 
frequently runs  well  to  the  outer  side  of 
its  normal   line,   and  between   its  points 
of  origin  and  termination  it  may   form 
a  large  loop  with  its  convexity  towards 
the  outer  border  of  the  foot.     A  watch 
should  be  kept  for  the  inner  biianch  of  the 
musculo-cutaneous  (superficial  peroneal) 
nerve,  which  should  be  avoided  if  possible. 
There   is   no   difficulty   in   exposing   the 
vessel  in  the  living  subject,  as  its  pulsa- 
tions are  always  to  be  felt  plainly.  Fig.  170.    The  Incision   ton 
Exposure  of  the  Dorsalis  Pedis. 
The  upper  X  is  on  the  mid-point  between  the  two  malleoli,  the  lower  on  the  upper 
end  of  the  first  interosseous  space.    The  dotted  line  marks  the  anatomical  line  of 
the  artery,  the  thick  continuous  one  the  incision  for  its  exposure. 
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Indications.  This  vessel  is  very  rarely  tied,  and  when  ligature  in 
continuity  is  practised,  it  will  be  for — 

(i)  Aneurysm,  either  spontaneous  or  traumatic;  both  affections  are 
rare. 

(ii)  More  frequently  the  vessel  will  require  ligature  for  a  punctured 
or  a  gunshot  wound  or  a  laceration  resulting  from  a  fracture  of  both 
bones  of  the  leg.  In  these  traumatic  cases  the  best  operation  will  not  be 
ligature  in  continuity,  but  exposure  and  ligature  of  the  divided  ends. 
An  elastic  tourniquet  round  the  thigh  is  of  great  service  under  these 
conditions  in  controlling  the  bleeding  until  the  vessel  has  been  exposed 
and  secured. 

Surgical  anatomy.     The  vessel  extends  from  the  lower  border 
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of  the  popliteus  muscle  to  the  centre  of  the  front  of  the  ankle,  and  its 
course  is  denoted  by  a  line  drawn  from  the 
mid-point  between  the  head  of  the  fibula  and 
the  outer  tuberosity  of  the  tibia  to  the  mid- 
point Iwtween  the  two  malleoli  on  the  front  of 
the  ankle  (see  Fig.  171).  It  is  deeply  placed 
in  the  upper  two-thirds  of  its  course,  passing 
forwards  from  the  calf  over  the  upper  edge  of 
the  interosseous  membrane  between  the  two 
heads  of  the  tibialis  posticus  (posterior).  It 
lies  upon  the  anterior  surface  of  the  inter- 
osseous membrane,  to  which  it  is  connected 
by  delicate  fibrous  bands,  as  far  down  as  the 
junction  of  the  middle  with  the  lower  thirds 
of  the  leg,  when  it  becomes  more  superficial 
and  lies  on  the  front  of  the  tibia  and  the  anterior 
ligament  of  the  ankle-joint.  In  the  upper  third 
of  the  leg  the  vessel  has  the  extensor  digitorum 
longus  on  its  outer  and  the  tibialis  anticus 
(anterior)  on  its  inner  side;  in  the  middle  third 
it  lies  between  the  extensor  hallucis  longus 
externally  and  the  tibialis  anticus  (anterior) 
internally,  while  in  the  lower  third  the  tendon 
of  the  extensor  hallucis  longus  crosses  it  ob- 
liquely from  without  inwards,  so  that  the 
termination  of  the  vessel  lies  between  that 
tendon  internally  and  the  innermost  tendon  of 
the  extensor  digitorum  longus  on  the  outer  side. 
It  is  here  covered  by  the  anterior  annular 
(crucial)  ligament  of  the  ankle-joint;  in  the 
upper  two-thirds  of  its  course  it  is  overlapped 
by  the  muscles  between  which  it  lies. 

The  anterior  tibial  (deep  peroneal)  nerve 
lies  at  some  little  distance  to  the  outer  side 
of  the  artery  in  its  upper  fourth.  It  then  ap- 
proaches the  vessel  and  lies  over  it,  but  rather 
to  its  outer  side,  throughout  the  middle  two 
fourths,  while  in  the  lower  part  of  its  course 
it  is  on  the  outer  side  again,  intervening 
Ijetween  the  vessel  and  the  innermost  tendon 
of  the  extensor  digitorum  longus.  Two  vena;  comites  accompany  the 
vessel,  and  anastomose  freely  across  it  at  short  intervals.     The  musculo- 


FiG.  171.  Landmarks 
FOR  THF.  Anterior  Tibial 
Artery.  The  two  upper 
dots  are  placed  upon  the 
head  of  the  fibula  and 
the  outer  tuberosity  of 
the  tibia  respectively. 
The  -I-  between  them 
marks  the  upper  end  of 
the  guide  line  to  the  an- 
terior tibial,  which  runs 
down  to  the  -f-  on  the 
centre  of  the  ankle  iie- 
low.  The  lowest  +  is 
over  the  upper  end  of  the 
first    interosseous   space. 
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cutaneous  (superficial  peroneal)  nerve  lies  over  the  vessel  superficial  to 
the  deep  fascia. 

The  anterior  tibial  artery  may  be  tied  in  the  upper,  middle,  or  lower 
thirds. 

LIGATURE  IN  THE  UPPER  THIRD 

The  patient  lies  on  his  back  with  the  knee  flexed  and  the  limb 
adducted  and  rotated  inwards;  the  foot  is  plantar-flexed  while  the  inci- 
sion is  being  made,  but  dor  si-flexed  afterwards.  The  surgeon  stands  on 
the  outer  side  of  the  limb  and  makes  his  incision  from  above  downwards 
on  the  right,  and  from  below  upwards  on  the  left  side.  The  line  of  the 
artery  (vide  supra)  is  carefully  ascertained,  and  an  incision  four  inches 
long  is  made  over  its  upper  third,  its  upper  limit  being  an  inch  below 
the  mid-point  between  the  head  of  the  fibula  and  the  outer  tuberosity 
of  the  tibia.  This  incision  only  goes  down  to  the  deep  fascia  in  the 
first  instance,  and  then,  without  displacing  the  soft  parts  at  all,  this 
structure  is  slit  up  throughout  the  length  of  the  wound  strictly  in  the 
same  line  as  the  skin  incision.  The  next  point  is  to  identify  the  inter- 
muscular septum  between  the  tibialis  anticus  (anterior)  and  the  extensor 
digitorum  longus.  There  are  two  intermuscular  septa  on  the  front  of 
the  leg,  the  other  being  that  between  the  extensor  digitorum  longus  on 
the  inner  side  and  the  peronei  on  the  outer,  and  it  is  easy  to  mistake  one 
for  the  other,  as  the  extensor  digitorum  longus  is  very  narrow  just  here. 
The  most  certain  way  to  avoid  error  is  to  seize  each  edge  of  the  incision 
in  the  deep  fascia  with  forceps  in  turn,  and  to  separate  the  subjacent 
muscle  from  it  with  the  handle  of  the  knife  for  an  inch  on  each  side; 
then  the  fascia  is  fully  retracted  and  the  proper  septum  can  be  identified. 
It  is  the  first  one  met  with  external  to  the  border  of  the  tibia — which 
can  always  be  felt — and  it  leads  almost  vertically  down  to  the  interos- 
seous membrane  and  is  further  marked  by  numerous  emergent  muscular 
arteries,  whereas  the  wrong  septum  leads  downwards  and  outwards  to 
the  fibula  and  has  no  emergent  vessels.  The  yellow  or  '  white  line '  so 
often  mentioned  in  textbooks  is  generally  wanting. 

As  soon  as  the  septum  has  been  identified,  the  foot  is  fully  dorsi- 
flexed  in  order  to  relax  the  muscles  as  much  as  possible,  and  the  handle 
of  the  knife  is  sunk  into  the  septum,  and  the  tibialis  anticus  (anterior) 
is  separated  from  the  extensor  digitorum  longus  throughout  the  length 
of  the  wound.  If  the  incision  in  the  deep  fascia  does  not  coincide  exactly 
with  this  septum  in  direction,  it  may  be  necessary  to  make  a  transverse 
incision  in  the  fascia  at  one  end  of  the  wound,  as  the  artery  lies  deep  down 
on  the  interosseous  membrane  and  as  much  room  as  possible  is  necessary. 
The  muscles  are  kept  out  of  the  way  with  large  flat  retractors — ordinary 
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hook-retractors  are  useless — and  the  vessel,  with  its  venae  comites,  is  seen 
lying  on  the  membrane  (see  Fig.  172).  The  nerve  lies  well  to  the  outer 
side  and  may  not  come  into  view.  The  best  plan  is  to  pass  the  needle 
round  both  artery  and  veins,  as  the  latter  anastomose  so  freely  round 
the  former  that  it  is  almost  impossible  to  separate  them,  and  a  wound  of 


Fig.  172.  The  Anterior  Tibial  Artery  in  the  Upper  Third.  The  tibialis 
amicus  (anterior)  is  beneath  the  relractor  on  the  left  hand,  the  extensor  digi- 
torum  longus  beneath  that  on  the  right-hand  side.  The  artery,  with  its  venfe 
comites  anastomosing  across  it,  is  seen  on  the  interosseous  membrane.  The  anterior 
tibial  (deep  peroneal)  nerve  is  seen  approaching  it  obliquely  from  the  outer  side. 

the  veins  gives  rise  to  most  vexatious  oozings.     A  needle  with  a  very 
small  curve  is  required ;  it  is  best  to  pass  it  from  the  outer  side. 

DifHculties.  The  chief  difficulty  is  the  identification  of  the  proper 
septum.  If  the  rules  given  above  be  followed  exactly,  there  should  be 
no  serious  difficulty  in  finding  the  vessel.  The  use  of  a  blunt  dissector 
is  to  be  deprecated,  and  in  no  case  should  the  muscular  fibres  be  torn, 
as  that  is  the  surest  way  of  losing  all  guides  to  the  vessel.     Another 
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difficulty  is  in  getting  a  ligature  round  the  vessel.  In  actual  practice 
this  will  hardly  ever  be  necessary,  as  the  operation  will  be  done  for  a 
wound,  when  it  is  only  necessary  to  tie  or  twist  the  divided  ends ;  in  these 
cases  a  tourniquet  should  be  applied  to  the  thigh  before  the  incision  is 
made.  A  needle  with  a  curve  which  is  a  segment  of  a  very  small  circle 
will  get  over  the  difficulty  best. 

LIGATURE  IN  THE  MIDDLE  THIRD 
Here  the  vessel  lies  between  the  tibialis  anticus  (anterior)  on  the 
inner  and  the  extensor  hallucis  longus  on  the  outer  side.    The  anterior 


Fig.  173.  The  Anterior  Tibial  Artery  in  the  Middle  of  the  Leg.  The 
tibialis  anticus  (anterior)  is  retracted  on  the  left-hand  side.  Beneath  the  hook 
of  the  retractor  on  the  right-hand  side  is  the  extensor  hallucis  longus,  while  just 
above  it  lies  the  extensor  digitorum  longus.  The  artery  and  its  anastomosing 
vena  coraites  are  seen  lying  below  the  anterior  tibial  (deep  peroneal)  nerve, 
M'hich  is  hooked  up  from  its  surface. 

tibial  (deep  peroneal)  nerve  usually  lies  over  the  front  of  the  artery  a 
little  to  its  outer  side  and  is  closely  adherent  to  it  {see  Fig.  173).  The 
extensor  digitorum  longus  muscle,  when  well  developed,  overlaps  the 
extensor  hallucis  longus,  so  that  the  latter  is  not  properly  seen  until  the 
tibialis  anticus  (anterior)  and  the  extensor  digitorum  longus  have  been 
separated  from  one  another  (see  Fig.  174). 
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Operation.  The  positions  of  the  limb  and  the  surgeon  are  the  same 
as  in  the  preceding  operation.  The  incision  should  be  three  inches  long, 
over  the  line  of  the  artery,  and  with  its  centre  opposite  the  centre  oi 
the  limb.  The  skin  and  deep  fascia  are  incised  along  the  line  of  the 
artery  throughout  the  length  of  the  wound.  There  is  nearly  alwaj-s 
a  well-marked  intermuscular  septum  at  this  level,  indicated  by  a  fatty 
interspace  containing  emergent  vessels.     This  space  is  opened  up  with 


Fig.  174.  Transverse  Section  through  the  Middle  of  the  Leg  to  show 
THE  Relations  of  the  Anterior  Muscles.  The  anterior  tibial  vessels  are  sten 
tying  upon  the  front  of  the  inierosseous  membrane.  The  section  shows  the 
arrangement  of  the  three  muscles  in  front  of  the  tibia  and  fibula.  The  large 
tibiali.<t  anticus,  a,  and  equally  large  extensor  digitorum  longus,  d,  practicilly 
meet  so  as  to  conceal  the  extensor  hallucis  longus,  h,  which  lies  in  the  triangular 
interval  between  them.  It  will  be  seen  that  in  this  case  there  is  only  one  septum 
on  the  front  of  the  limb,  but  that  it  soon  bifurcates  into  two,  one  lying  between 
the  tibialis  anticus  and  the  extensor  hallucis  longus,  and  the  other  between  the 
latter  muscles  and  the  extensor  digitorum  longus. 

the  handle  of  the  knife,  and,  as  the  separation  proceeds,  great  care  must 
be  taken  to  keep  close  to  the  outer  edge  of  the  tibialis  anticus  (anterior) 
muscle.  When  the  interosseous  membrane  is  reached,  the  first  structure 
seen  is  the  anterior  tibial  (deep  peroneal)  nerve,  which  must  be  carefully 
separated  from  the  artery.  The  needle  is  passed  from  the  nerve,  i.e.  from 
the  inner  side. 

DifHculties.  The  chief  source  of  error  is  missing  the  septum  be- 
tween the  tibialis  anticus  (anterior)  and  the  extensor  hallucis  longus, 
and  getting  into  that  between  the  latter  muscle  and  the  extensor  digito- 
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rum  longus.  This  mislake  is  avoided  by  identifying  the  tibialis  amicus 
(anterior),  which  is  the  first  muscle  external  to  the  tibia,  and  then  keep- 
ing close  round  its  outer  margin  when  opening  up  the  intermuscular 
septum  (see  Fig.  174). 

An  aneurysm  needle  with  a  small  curve  is  required  to  pass  the  ligature 


Fig.  175.  The  Anterior  TinrAL  Artery  in  the  Lower  Third  of  the  Leg. 
The  tibialis  anticus  (anterior)  is  hooked  lo  the  left-hand  side,  the  semitendinous 
extensor  hallucis  to  the  right-hand  side.  The  vessel  and  its  vena  coraites  are 
seen  with  the  anterior  tibial  (deep  peroneal)  nerve  on  the  outer  side. 

satisfactorily.    The  vessel  is  situated  so  deeply  that  passing  the  ligature 
is  a  very  difficult  matter. 

LIGATURE  IN  THE  LOWER  THIRD 
The  tendon  of  the  extensor  hallucis  longus  crosses  this  part  of  the 
vessel  and  lies  to  its  inner  side  at  its  termination,  but  the  artery  is  gen- 
erally tied  just  before  the  tendon  crosses  it.  The  anterior  tibial  (deep 
peroneal)  nerve  and  the  innermost  tendon  of  the  extensor  digitorum 
longus  lie  to  the  outer  side. 

Operation.  The  position  of  the  operator  is  as  before  (see  p.  427), 
but  the  limb  now  lies  extended,  with  the  toes  pointing  upwards.     An 
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incision  an  inch  and  a  half  long  is  made  over  the  line  of  the  artery, 
extending  down  to  just  above  the  line  of  the  ankle-joint.  As  the  inci- 
sion is  deepened,  the  upper  part  of  the  anterior  annular  (crucial)  liga- 
ment is  divided,  and  the  interval  between  the  tendons  of  the  tibialis 
anticus  (anterior)  and  extensor  hallucis  longus  is  opened  up;  care  must 
be  taken  not  to  open  the  synovial  sheaths  of  these  tendons.  The  artery 
is  superficial  and  easy  to  find  (see  Fig.  175)  ;  if  there  be  any  difficulty, 
it  should  be  looked  for  beneath  the  tendon  of  the  extensor  hallucis 
longus.  The  needle  is  passed  from  the  outer  side,  and  the  divided 
portion  of  the  annular  (crucial)  ligament  is  sutured  with  fine  catgut 
before  closing  the  wound. 


LIGATURE  OF  THE  POSTERIOR  TIBIAL  ARTERY 

Indications.  This  artery  very  rarely  requires  ligature.  The  indi- 
cations for  it  are : — 

(i)  Gunshot,  punctured,  or  incised  wounds.  These  will  call  for 
immediate  ligature  of  the  divided  ends  of  the  vessel  in  any  part  of  its 
course.  Laceration  of  the  vessel  may  also  occur  as  a  complication  of 
fracture  of  bones  of  the  leg. 

(ii)  Traumatic  aneurysm  of  the  posterior  tibial  artery  has  been  met 
with,  but  is  very  rare.  It  may  be  treated  by  ligature  in  continuity,  but 
it  would  be  better  to  apply  Esmarch's  bandage  to  the  thigh,  expose 
the  aneurysm,  secure  the  vessel  on  each  side  of  it,  and  dissect  out  the 
sac  entire. 

Surgical  anatomy.  This  large  vessel  extends  from  the  lower 
border  of  the  popliteus  muscle  to  the  mid-point  between  the  tip  of  the 
internal  malleolus  and  the  most  prominent  part  of  the  os  calcis  beneath 
the  origin  of  the  abductor  hallucis  from  the  internal  annular  (laciniate) 
ligament.  The  vessel  lies  in  the  interval  between  the  superficial  and 
deep  calf  muscles,  to  the  latter  of  which  it  is  bound  down  by  a  special 
fascia.  It  lies  at  first  upon  the  tibialis  posticus  (posterior),  then  upon 
the  flexor  digitorum  longus,  and  finally  upon  the  posterior  surface  of  the 
tibia  and  the  posterior  ligament  of  the  ankle-joint. 

The  upper  half  of  the  artery  is  covered  by  the  gastrocnemius  and 
soleus,  with  the  plantaris  between  them.  The  lower  half  is  superficial 
and  is  covered  only  by  the  skin  and  deep  fascia,  except  at  its  termination, 
where  it  is  covered  by  the  internal  annular  (laciniate)  ligament  and  the 
origin  of  the  abductor  hallucis.  The  posterior  tibial  nerve  is  on  its  inner 
side  in  the  upper  third,  then  crosses  obliquely  behind  the  artery,  and 
finally  lies  on  its  outer  side.     Two  venae  comites  accompany  the  vessel 
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throughout  its  course  and,  like  those  of  the  anterior  tibial,  anastomose 
freely  around  the  artery. 

Ligature  of  the  posterior  tibial  is  chiefly  a  dissecting-room  operation, 
and  is  done  in  three  situations:  (i)  In  the  middle  of  the  calf,  (ii)  in  the 
lower  third  of  the  leg,  and  (iii)  behind  the  inner  ankle. 

LIGATURE  IN  THE  MIDDLE  OF  THE  LEG 
The  limb  is  abducted  and  rotated  outwards,  the  knee  and  hip  are 
flexed,  and  the  heel  is  made  to  rest  on  the  instep  of  the  opposite  foot. 
The  surgeon  stands  facing  the  inner  aspect  of  the  limb  and  makes  an 


Frc.  176.  Incisions  for  Exposure  of  the  Posterior  Tibial  Artery.  The 
incisions  are  for  exposure  of  the  vessel  in  the  middle  and  lower  thirds  of  the  leg 
and  behind  the  inner  ankle,  in  order  from  right  to  left. 

incision  four  inches  long  parallel  to  and  a  finger's  breadth  behind  the 
inner  border  of  the  tibia,  the  centre  of  the  incision  corresponding  to  the 
mid-point  of  the  leg  (see  Fig.  176}.  The  incision  is  deepened  carefully 
in  order  to  avoid  the  internal  (great)  saphenous  vein  and  nerve  which  lie 
parallel  to  and  often  immediately  under  it.  If  seen,  the  vein  must  be 
drawn  aside;  if  it  cross  the  incision  too  obliquely  it  must  be  divided. 
The  deep  fascia  is  next  opened  up  to  the  full  extent  of  the  wound,  the 
inner  border  of  the  gastrocnemius  is  drawn  downwards,  and  the  charac- 
teristic fibrous  aponeurosis  of  the  soleus  is  exposed.  The  portion  of  this 
muscle  arising  from  the  tibia  must  now  be  divided  throughout  its  whole 
thickness  before  the  deep  calf  muscles  can  he  exposed.  The  incision  in 
the  muscle  is  made  about  three-quarters  of  an  inch  from  the  inner  border 
of  the  tibia,  with  the  blade  of  the  knife  held  horizontal  and  cutting 
directly  towards  the  posterior  surface  of  that  bone.  As  the  muscle  is  cut 
through,  its  fibres  are  pushed  aside,  and  the  white,  glistening  inter- 
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muscular  aponeurosis  comes  into  view.  This  is  slit  up  for  the  whole 
length  of  the  wound,  and,  after  dividing  a  few  more  muscular  fibres,  the 
space  between  the  superficial  and  deep  muscles  is  opened  up  and  the  flexor 
digitorum  longus  is  seen.  The  foot  is  now  fully  plantar-flexed  and  the 
knee  a  little  more  flexed  in  order  to  relax  the  calf  muscles  as  much  as 
possible,  when  the  vessels  will  come  into  view  lying  upon  the  deep  muscles 
and  bound  down  by  a  special  fascia  which  must  be  divided  before  they 
can  be  reached.  The  nerve  lies  to  the  outer  side  of  the  artery  and  is 
often  not  seen.  The  venae  comites  had  better  be  taken  up  with  the 
artery.    The  needle  is  passed  from  the  outer  side. 

Difficulties.  There  are  several,  unless  the  operation  be  done  with 
great  care.  The  first  trouble  may  arise  from  a  large  gastrocnemius, 
especially  if  the  calf  muscles  are  not  allowed  to  hang  free,  as,  for  instance, 
when  the  operation  is  attempted  with  the  limb  lying  flat  on  the  table, 
or  with  an  assistant  supporting  the  calf.  The  posterior  surface  of  the 
gastrocnemius  may  then  be  exposed  and  mistaken  for  the  soleus.  The 
latter  muscle  can  be  recognized  by  the  characteristic  arrangement  of 
the  fibres  of  its  posterior  aponeurosis,  which  are  arranged  very  obliquely 
to  the  long  axis  of  the  limb,  while  those  of  the  gastrocnemius  are  par- 
allel to  it.  Sometimes  the  gastrocnemius  is  cut  through  in  mistake  for 
the  soleus.  In  this  case  the  plantaris  will  be  met  with  between  the  two 
muscles  and  will  put  the  operator  on  the  right  track. 

Another  difficulty  will  be  met  with  if  the  section  of  the  muscular 
belly  of  the  soleus  be  practised  wrongly.  If  the  knife  be  held  with  its 
blade  nearly  vertical  instead  of  horizontal  as  it  should  be,  the  incision 
will  travel  downwards  between  the  two  aponeuroses  of  the  soleus  instead 
of  across  that  muscle,  and  the  deep  muscles  will  not  be  reached. 

Then  again,  the  interval  between  the  superficial  and  deep  calf  muscles 
may  not  be  recognized,  and  the  deep  muscles  may  be  detached  from 
the  tibia  and  retracted,  and  the  vessels  with  them,  until  finally  the 
operator  arrives  at  the  interosseous  membrane.  This  mistake  is  easily 
obviated  by  taking  care  to  recognize  the  intermuscular  aponeurosis  of 
the  soleus  when  it  is  reached.  The  cellular  interval  in  the  calf  is  reached 
almost  immediately  after  this  has  been  divided.  The  artery  is  to  be 
looked  for  lying  behind  the  posterior  surface  of  the  tibia  on  the  flexor 
digitorum  longus,  and  not  in  the  middle  of  the  wound,  where  one  is 
tempted  to  look  for  it. 

LIGATURE  IN  THE  LOWER  THIRD  OF  THE  LEG 

The  position  of  the  limjj  and  of  the  surgeon  are  the  same  as  in  the 
preceding  operation.  An  incision  two  inches  long  is  made  parallel  to 
and  midway  between  the  adjacent  margins  of  the  tibia  and  the  tendo 
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throughout  its  course  and,  like  those  of  the  anterior  tibial,  anastomose 
freely  around  the  artery. 

Ligature  of  the  posterior  tibial  is  chiefly  a  dissecting-room  operation, 
and  is  done  in  three  situations:  {i)  In  the  middle  of  the  calf,  (ii)  in  the 
lower  third  of  the  leg,  and  (iii)  behind  the  inner  ankle. 

LIGATURE  IN  THE  MIDDLE  OF  THE  LEG 
The  limb  is  abducted  and  rotated  outwards,  the  knee  and  hip  are 
flexed,  and  the  heel  is  made  to  rest  on  the  instep  of  the  opposite  foot. 
The  surgeon  stands  facing  the  inner  aspect  of  the  limb  and  makes  an 


Fig.  176.  Incisions  fos  Exposure  of  the  Posterior  Tibial  Artery.  The 
incisions  are  for  exposure  of  the  vessel  in  the  middle  and  lower  thirds  of  the  kg 
and  behind  the  inner  ankle,  in  order  from  right  to  left. 

incision  four  inches  long  parallel  to  and  a  finger's  breadth  Ijehind  the 
inner  border  of  the  tibia,  the  centre  of  the  incision  corresponding  to  the 
mid-point  of  the  leg  (see  Fig.  176).  The  incision  is  deepened  carefully 
in  order  to  avoid  the  internal  (great)  saphenous  vein  and  nerve  which  lie 
parallel  to  and  often  immediately  under  it.  If  seen,  the  vein  must  be 
drawn  aside;  if  it  cross  the  incision  too  obliquely  it  must  be  divided. 
The  deep  fascia  is  next  opened  up  to  the  full  extent  of  the  wound,  the 
inner  border  of  the  gastrocnemius  is  drawn  downwards,  and  the  charac- 
teristic fibrous  aponeurosis  of  the  soleus  is  exposed.  The  portion  of  this 
muscle  arising  from  the  tibia  must  now  be  divided  throughout  its  whole 
thickness  before  the  deep  calf  muscles  can  be  exposed.  The  incision  in 
the  muscle  is  made  about  three-quarters  of  an  inch  from  the  inner  border 
of  the  tibia,  with  the  blade  of  the  knife  held  horizontal  and  cutting 
directly  towards  the  posterior  surface  of  that  bone.  As  the  muscle  is  cut 
through,  its  fibres  are  pushed  aside,  and  the  white,  glistening  inter- 
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muscular  aponeurosis  comes  into  view.  This  is  slit  up  for  the  whole 
length  of  the  wound,  and,  after  dividing  a  few  more  muscular  fibres,  the 
space  between  the  superficial  and  deep  muscles  is  opened  up  and  the  flexor 
digitorum  longus  is  seen.  The  foot  is  now  fully  plantar-flexed  and  the 
knee  a  little  more  flexed  in  order  to  relax  the  calf  muscles  as  much  as 
possible,  when  the  vessels  will  come  into  view  lying  upon  the  deep  muscles 
and  bound  down  by  a  special  fascia  which  must  be  divided  before  they 
can  be  reached.  The  nerve  lies  to  the  outer  side  of  the  artery  and  is 
often  not  seen.  The  venae  comites  had  better  be  taken  up  with  the 
artery.    The  needle  is  passed  from  the  outer  side. 

Difficulties.  There  are  several,  unless  the  operation  be  done  with 
great  care.  The  first  trouble  may  arise  from  a  large  gastrocnemius, 
especially  if  the  calf  muscles  are  not  allowed  to  hang  free,  as,  for  instance, 
when  the  operation  is  attempted  with  the  limb  lying  flat  on  the  table, 
or  with  an  assistant  supporting  the  calf.  The  posterior  surface  of  the 
gastrocnemius  may  then  be  exposed  and  mistaken  for  the  soleus.  The 
latter  muscle  can  be  recognized  by  the  characteristic  arrangement  of 
the  fibres  of  its  posterior  aponeurosis,  which  are  arranged  very  obliquely 
to  the  long  axis  of  the  limb,  while  those  of  the  gastrocnemius  are  par- 
allel to  it.  Sometimes  the  gastrocnemius  is  cut  through  in  mistake  for 
the  soleus.  In  this  case  the  plantaris  will  be  met  with  between  the  two 
muscles  and  will  put  the  operator  on  the  right  track. 

Another  difficulty  will  be  met  with  if  the  section  of  the  muscular 
belly  of  the  soleus  be  practised  wrongly.  If  the  knife  be  held  with  its 
blade  nearly  vertical  instead  of  horizontal  as  it  should  be,  the  incision 
will  travel  downwards  between  the  two  aponeuroses  of  the  soleus  instead 
of  across  that  muscle,  and  the  deep  muscles  will  not  be  reached. 

Then  again,  the  interval  between  the  superficial  and  deep  calf  muscles 
may  not  be  recognized,  and  the  deep  muscles  may  be  detached  from 
the  tibia  and  retracted,  and  the  vessels  with  them,  until  finally  the 
operator  arrives  at  the  interosseous  membrane.  This  mistake  is  easily 
olDviated  by  taking  care  to  recognize  the  intermuscular  aponeurosis  of 
the  soleus  when  it  is  reached.  The  cellular  interval  in  the  calf  is  reached 
almost  immediately  after  this  has  been  divided.  The  artery  is  to  be 
looked  for  lying  behind  the  posterior  surface  of  the  tibia  on  the  flexor 
digitorum  longus,  and  not  in  the  middle  of  the  wound,  where  one  is 
tempted  to  look  for  it. 

LIGATURE  IN  THE  LOWER  THIRD  OF  THE  LEG 

The  position  of  the  limb  and  of  the  surgeon  are  the  same  as  in  the 
preceding  operation.  y\n  incision  two  inches  long  is  made  parallel  to 
and  midway  between  the  adjacent  margins  of  the  tibia  and  the  tendo 
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Achillis  (see  Fig.  176)  ;  if  the  latter  cannot  be  felt  the  incision  should 
be  half  an  inch  behind  the  inner  border  of  the  tibia.  The  internal  (great) 
saphenous  vein  must  be  avoided  as  before,  and  the  deep  fascia  opened 
up  throughout  the  whole  length  of  the  wound;  the  upper  edge  of  the 
internal  annular  (laciniate)  ligament  may  have  to  be  divided  below. 
This  will  expose  the  fascia  binding  down  the  deep  flexor  tendons,  which 
must  be  divided  and  the  tendons  identified.  The  nearest  to  the  edge  of 
the  tibia  is  the  tibialis  posticus  (posterior),  outside  which  comes  the 
flexor  digitorum  longus.  The  cellular  interval  external  to  this  tendon 
and  between  it  and  the  flexor  hallucis  longus  is  now  exposed  without 
opening  the  tendon  sheaths,  and  the  artery  is  seen  with  its  venae  comites 
and  the  large  posterior  tibial  nerve  lying  external  to  it.  The  needle  is 
passed  from  the  outer  side. 

Difficulties.  The  only  difficulty  likely  to  arise  is  from  the  operator 
forgetting  that  the  vessel  lies  on  the  deep  muscles  on  the  posterior 
surface  of  the  tibia  and  bound  down  to  them  by  a  special  fascia.  It 
should,  therefore,  be  looked  for  upon  the  anterior  aspect  of  the  wound, 
and  not  at  the  bottom  of  it,  otherwise  there  is  a  risk  of  losing  one's  way 
in  the  fat  in  front  of  the  tendo  Achillis. 

LIGATURE  BEHIND  THE  INNER  ANKLE 

The  knee  is  flexed  and  the  limb  laid  on  its  outer  side.  The  surgeon 
stands  on  the  opposite  side  of  the  table,  facing  the  inner  aspect  of  the 
limb,  and  makes  a  crescentic  incision  with  its  concavity  forwards  a  good 
finger's  breadth  behind  the  inner  malleolus,  nearly  two  inches  in  length, 
the  greater  part  of  the  incision  being  parallel  to  its  posterior  border 
(see  Fig.  176),  as  the  artery  should  be  secured  above  the  point  of  the 
malleolus,  where  it  is  comparatively  superficial.  The  incision  must  be 
deepened  to  the  internal  annular  (laciniate)  ligament,  which  is  defined 
and  incised  carefully  along  the  line  of  the  original  incision.  This  should 
lie  almost  over  the  vessels,  which  are  situated  in  a  definite  cellular 
interval  that  can  be  felt  just  external  or  posterior  to  the  tendon  of  the 
flexor  digitorum  longus  and  between  it  and  that  of  the  flexor  hallucis 
longus.  The  first  tendon  felt  beneath  the  malleolus  is  that  of  the  tibialis 
posticus  (posterior),  next  to  that  comes  the  flexor  digitorum  longus, 
then  the  interval  for  the  vessels  and  nerve,  and  finally  the  tendon  of  the 
flexor  hallucis  longus;  the  tendon  sheaths  should  not  be  opened.  The 
nerve  lies  on  the  outer  or  fibular  aspect  of  the  vessels,  and  is  of  large 
size;  the  venae  comites  may  have  to  be  taken  up  with  the  artery.  The 
knife  should  be  directed  towards  the  malleolus  as  the  incision  is  deepened, 
or  else  a  deep  dissection  may  be  made  backwards  towards  the  heel. 


CHAPTER  VII 
LIGATURE  OF  THE  ARTERIES  OF  THE  KNEE  AND  THIGH 

LIGATURE  OF  THE  POPLITEAL  ARTERY 

Indications,  (i)  Punctured  or  gunshot  wounds  involving  the 
popliteal  artery.  These  will  require  enlargement  of  the  wound  in  the 
line  of  the  artery,  after  a  tourniquet  has  been  applied  round  the  thigh; 
when  the  bleeding  point  is  found,  the  vessel  must  be  secured  between 
two  ligatures.  It  will  rarely  be  possible  to  suture  the  artery,  even  though 
there  be  only  a  small  aperture  in  its  walls  owing  to  the  deep  situation  of 
the  vessel  and  the  importance  of  the  surrounding  structures. 

(ii)  Injury  to  the  popliteal  artery  from  dislocation,  fracture  of  the 
femur,  or  direct  crush.  In  these  cases  the  artery  should  be  exposed  near 
its  origin  by  a  median  vertical  incision  over  the  upper  part  of  the  popliteal 
space,  and  traced  down  to  the  seat  of  injury,  where  a  double  ligature 
should  be  applied.    A  tourniquet  will  be  required  here  also. 

(iii)  Injury  to  the  popliteal  artery  during  osteotomy.  In  these  rare 
cases  the  artery  should  be  exposed — after  applying  a  tourniquet  to  the 
thigh — from  the  inner  aspect  of  the  thigh  by  the  incision  given  below 

(see  p.  437)- 

(iv)  Aneurysm,  Ligature  of  the  popliteal  artery  for  aneurysm  may 
be  practised  for  three  different  conditions : 

(a)  When  the  aneurysm  springs   from  the  lower  part  of  the 

popliteal  artery, 
(fe)  When  pulsation  has  recurred  after  ligature  of  the  femoral  in 

Hunter's  canal  for  a  popliteal  aneurysm, 
(c)  When  the  surgeon  desires  to  do  the  *  old  '  operation,  as  in 
cases  of  traumatic,  ruptured,  or  inflamed  aneurysm.    It  is, 
however,  possible  that  further  experience -of  Matas's  opera- 
tion for  aneurysm  may  lead  to  a  modification  of  the  present 
treatment  of  this  affection  (see  p.  382). 
(v)    Wounds  of  the  leg  in  which  it  is  uncertain  whether  the  bleeding 
comes  from  the  anterior  or  posterior  tibial.    In  these  cases  the  popliteal 
should  be  exposed  at  its  termination  and  traced  down  until  the  source  of 
bleeding  has  been  identified  and  the  bleeding  ends  secured. 

Surgical  anatomy.    The  popliteal  artery  extends  from  the  lower 
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border  of  the  opening  in  the  adductor  magnus  to  the  lower  border  of  the 
popliteus  muscle,  where  it  divides  into  the  two  tibials.  This  point  on  the 
back  of  the  limb  corresponds  to  the  lower  part  of  the  tubercle  of  the  tibia 
in  front.  At  first  the  artery  runs  somewhat  outwards  until  it  reaches 
the  interval  between  the  two  condyles,  when  it  descends  vertically  in 
the  middle  of  the  popliteal  space. 

The  vessel  is  very  deeply  placed,  being  in  contact  anteriorly  with  the 
triangular  surface  of  the  femur,  the  posterior  ligament  of  the  knee-joint, 
and  the  fascia  covering  the  popliteus  muscle.  Posteriorly,  it  is  overlapped 
above  by  the  semimembranosus,  while  below  it  is  beneath  the  adjacent 
borders  of  the  two  heads  of  the  gastrocnemius,  especially  the  inner  one. 
The  popliteal  vein  and  the  internal  popliteal  (tibial)  nerve  both  lie  behind 
the  artery  about  its  middle,  the  vein  being  closely  applied  to  the  back 
of  the  vessel  and  separating  it  from  the  nerve,  which  crosses  the  artery 
obliquely  from  without  inw^ards  and  from  above  downwards.  Below,  the 
vessel  is  crossed  by  the  nerve  to  the  popliteus,  and  also  by  the  plantaris 
muscle  when  it  exists.  On  its  outer  side  lie  the  popliteal  vein  and  the 
internal  popliteal  (tibial)  nerve  above,  the  outer  condyle  of  the  femur 
about  its  middle,  and  the  outer  head  of  the  gastrocnemius  and  the  plan- 
taris below.  On  the  inner  side  are  the  semimembranosus  above,  the  inner 
condyle  about  the  middle,  and  the  nerve  to  the  popliteus,  the  internal 
popliteal  (tibial)  nerve  and  the  inner  head  of  the  gastrocnemius  below. 

The  artery  may  be  tied  at  its  commencement  or  at  its  termination. 
It  is  hardly  ever  tied  in  the  middle  of  its  course,  although  this  might 
have  to  be  done  in  cases  of  rupture;  the  vessel  here  is  very  deep  and 
intimately  connected  with  the  vein,  so  that  the  difficulty  of  isolating  and 
tying  it  is  great. 

The  vessel  may  be  ligatured  (a)  from  the  inner  aspect  of  the  thigh, 
(6)  in  the  upper  part  of  the  popliteal  space  from  behind,  (c)  in  the  lower 
part  of  the  popliteal  space  from  behind. 

LIGATURE  FROM  THE  INNER  ASPECT  OF  THE  THIGH 

The  knee  is  flexed  nearly  to  a  right  angle,  and  the  limb  is  abducted 
and  rotated  outwards,  being  supported  on  the  heel.  No  pillow  or  support 
should  be  placed  beneath  the  knee,  otherwise  the  hamstrings  will  be  dis- 
placed. The  surgeon  stands  facing  the  inner  aspect  of  the  limb ;  if  he 
stands  on  the  outer  side  of  the  limb  it  is  impossilDle  to  get  a  good  view. 
The  adductor  magnus  tendon  is  first  identified  by  abducting  the  limb 
forcibly,  and  the  adductor  tubercle  into  which  it  is  inserted  is  also  made 
out.  An  incision  four  inches  long  and  parallel  to,  but  a  little  below,  the 
adductor  tendon  is  then  made  from  the  junction  of  the  lower  with  the 
middle  third  of  the  thigh  downwards  to  just  below  the  adductor  tubercle 
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(see  Fig.  177).  The  internal  (great)  saphenous  vein,  which  lies  almost 
in  the  line  of  the  incision,  must  be  avoided.  After  division  of  the  deep 
fascia  the  sartorius  is  seen,  its  anterior  border  is  defined,  and  the  muscle 
drawn  downwards.  The  operator  then  feels  for  the  adductor  magnus 
tendon  and  cuts  down  on  it.  The  free  edge  of  this  structure  stands  out 
as  a  rounded  white  cord,  along  the  lower  edge  of  which  the  knife  is  passed 


Fig.  177.     Incision  for  Ligature  of  the  Popliteal  Artery  from  the  Inneb 
Side  of  the  Thigh.     The  dot  is  placed  upon  the  adductor  tubercle. 


SO  as  to  divide  the  fascia  and  allow  the  semimembranosus  to  be  pulled 
downwards  and  the  upper  part  of  the  popliteal  space  to  be  opened  up. 
When  this  has  been  done,  the  finger,  with  the  pulp  directed  upwards 
towards  the  triangular  posterior  surface  of  the  femur,  is  passed  into 
the  areolar  tissue  of  the  popliteal  space  and  the  artery  is  felt  beating 
between  the  bone  and  the  finger.  The  knee  is  now  flexed  still  more  fully. 
so  as  to  relax  the  parts  as  much  as  possible,  and  the  surgeon  opens  the 
sheath  of  the  artery  from  the  inner  side,  clears  the  vessel  and  passes  the 
aneurysm  needle  from  the  upper  and  outer  aspect  of  the  artery  (see 
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Fig.  178).     The  vein  and  nerve  lie  to  the  outer  side  of  the  vessel  and 
are  not  seen. 

Difficulties  and  dangers.  In  the  living  subject  the  only  difficulty 
met  with  is  in  opening  the  sheath  and  cleaning  the  artery  in  fat  suhjects. 
The  artery  lies  very  deep  and  can  only  be  seen  with  difficulty.  Good 
flexion  of  the  knee,  a  forehead-light,  a  free  incision  and  long-handled 


Fig,  178.  The  Popliteal  Aktehy  from  the  Inner  Side  of  the  Thigh. 
The  hook  is  pulling  down  the  sartorius  and  the  internal  (great)  saphenous  nerve 
is  seen  above.    The  lower  border  of  the  adductor  tendon  is  visible  above  the  artery. 

instruments,  including  aneurysm  needles  of  various  curves,  will  over- 
come this  difficulty.  It  is  also  essential  that  the  surgeon  should  face  his 
work ;  if  he  stands  on  the  outer  side  of  the  limb,  as  is  often  recommended, 
his  difficulties  are  greatly  increased. 

In  the  dead  subject  an  additional  difficulty  may  arise  from  inability 
to  define  the  adductor  tendon.  A  very  common  mistake,  after  the 
popliteal  space  has  been  opened,  is  to  thrust  the  finger  betwecTi  the  artery 
and  the  femur  and  push  the  former  backwards  into  the  popliteal  space, 
where  there  may  be  great  difficulty  in  identifying  it.  It  should  always 
be  possible  to  feel  the  artery  easily  against  the  femur  in  the  dead  subject. 
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as  it  is  a  large  and  usually  a  rigid  one.  It  should  be  cleared  carefully 
without  dragging  it  from  its  bed,  and  great  caution  is  necessary  in  pass- 
ing the  aneurysm  needle  for  fear  of  puncturing  the  vein.  Fig.  179  shows 
the  intimate  connexion  between  the  two  structures  in  this  situation. 

LIGATURE   PROU  THE  BACK  OF  THE  LEG 
In  the  upper  part  of  the  popliteal  space.     As  it  is  inconvenient 
to  the  anesthetist  to  roll  the  patient  fully  over  on  to  his  face,  it  will  be 


Fig.  r79.    Section   TURour.H  tue  Thigh   immediately   above  the  Patella 

(Cunningham's  Anatomy). 

sufficient  to  turn  him  well  over  on  to  the  affected  side,  flexing  the  sound 
leg  upon  the  trunk  so  as  to  prevent  him  from  assuming  the  completely 
prone  position. 

The  surgeon  stands  on  the  outer  si<le  of  the  limb  and  feels  for  the 
outer  border  uf  the  seniimenibranosus.  .-\ii  incision  four  inches  long  is 
made  along  this  structure  down  to  the  transverse  popliteal  crease  seen 
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on  the  skin  at  the  back  of  the  knee.     When  the  superficial  structures 

have  been  divided,  the  outer  edge  of  the  semimembranosus  comes  into 

view  and  is  cleared  and  pulled  inwards,  when  the  pulsations  of  the  artery 

can  be  felt  in  the  upper  part  of  the  popbteal  space.     In  doing  this  the 

lesser  sciatic  {posterior  femoral  cutaneous)  nerve  will  probably  be  seen 

and  should  be  avoided.     Large  retractors  are  inserted  into  the  wound, 

and  the  internal  popliteal  (tibial)  nerve  at  once  conies  into  view,  hiding 

the  artery,  which  lies  to  its  inner  side  and  on  a  deeper  plane,  with  the 

vein  interposed  between  it  and  the  nerve;  the 

latter  structure  should  be  drawn  to  the  outer  side 

with  a  retractor,  the  vein  with  it.    The  sheath  of 

the  artery  is  then  opened  from  its  inner  side,  and 

the  vessel  cleared.     The  needle  should  be  passed 

between  the  vein  and  the  artery,  namely,  from 

the  outer  side  first.     It  is  fairly  easy  to  get  at 

the  artery  in  this  position,  certainly  easier  than 

in  the  preceding  operation,  but  great  care  should 

be   taken  to  avoid   damaging  the   vein,    which 

almost  entirely  conceals  the  artery  and  is  closely 

connected  with  it.     There  is  also  occasionally 

troublesome  bleeding  from  the  small  articular 

vessels  in  this  situation. 

In  the  lower  part  of  the  popliteal  space. 
The  limb  is  in  the  same  position  as  before,  and 
the  surgeon  stands  on  the  outer  side.  A  vertical 
incision  about  three  inches  and  a  half  long  is  made 
in  the  middle  line  of  the  popliteal  space  com- 
mencing about  the  level  of  the  knee-joint,  viz. 
one  inch  below  the  transverse  crease  usually  seen 
at  the  back  of  the  limb  (see  Fig.  180).  If  there 
be  any  difficulty  in  identifying  this  crease,  the 

level  of  the  knee-joint  may  be  made  out  by  inserting  a  finger  deeply  into 
the  popliteal  space  and  then  flexing  and  extending  the  knee. 

As  the  incision  is  deepened,  the  external  saphenous  (sural)  nerve  or 
the  tibial  communicating  (medial  sural  cutaneous)  nerve  will  be  met 
with  and  must  be  avoided.  The  deep  fascia  is  then  opened  up  through- 
out the  whole  of  the  wound,  and  the  heads  of  the  gastrocnemius  muscle 
are  identified,  and  their  line  of  union  made  out  by  the  direction  of  the 
muscular  fibres.  The  two  heads  of  the  muscle  are  then  separated  widely 
and  the  division  between  them  is  prolonged  downwards,  if  necessary, 
through  the  muscular  fibres  for  atraut  an  inch  and  a  half  to  two  inches. 
In  doing  this  the  operator  will  probably  come  across  the  sural  vessels  and 


Fig.  180.  Incision 
FOR  Exposure  of  the 
PopLiTKAL  Artery  in 
THE  Lower  Part  of 
THE  Popliteal  Space. 
The    white    line    indi- 
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the  plantaris  muscle,  which  should  be  drawn  aside.  The  next  structure 
that  conies  into  view  is  the  internal  popliteal  (tibial)  nerve  which  lies 
here  on  the  inner  side  of  the  vein,  and  superficial  to  it.  These  structures 
are  pulled  over  to  the  inner  side  with  a  blunt  hook,  without  attempting  to 
separate  them  (see  Fig.  i8i)-  The  artery  can  then  be  felt  pulsating 
beneath  them,  and  its  sheath  is  opened  well  to  the  outer  side,  the  vessel 
cleared,  and  the  needle  passed  from  the  outer  side,  that  is  to  say,  between 
the  vein  and  the  artery. 


Fig.  i8i.  The  Popliteal  Artery  in  the  Lower  Part  of  the  Left  Popliteal 
Space.  The  heads  of  the  gastrocnemius  have  been  separated  for  some  distance 
and  hooked  aside.  The  relations  of  Ihe  nerve,  vein,  and  artery  are  well  seen.  Tlie 
nerve  under  the  small  hook  is  the  tibial  communicating  (medial  sural  cutaneous). 

Difficulties  and  dangers.  The  chief  risk  of  the  operation  is  the 
liability  to  wound  the  vein,  which  is  best  avoided  by  retracting  it  together 
with  the  internal  popliteal  (tibial)  nerve  to  the  inner  side  as  directed 
above.  The  vessel  should  be  secured  well  below  the  level  of  the  junction 
of  the  two  heads  of  the  gastrocnemius  muscle,  and  the  depth  at  which 
the  vessel  lies  may  cause  .'^ome  difficulty  in  passing  the  needle;  should 
this  be  the  case,  the  knee  must  be  fully  flexed  to  relax  the  muscles. 

The  wound  is  sutured  without  a  drainage  tube,  and  the  limb  is  put 
up  on  a  straight  back-splint  with  a  small  pad  between  it  and  the  popliteal 
space.    This  will  obliterate  the  cavity  in  the  popliteal  space  sufficiently. 
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Indications,  (i)  Wounds  of  the  femoral  artery.  In  these  cases  the 
vessel  must  be  exposed  at  the  seat  of  injury  and  appropriate  treatment 
employed,  after  the  circulation  has  been  commanded  alxjve  the  wound, 
either  by  a  tourniquet  or  by  digital  pressure.  Since  arteriorrhaphy  has 
come  within  the  sphere  of  practical  surgery  there  is  little  doubt  that 
some  of  these  cases  will  fall  within  its  scope,  especially  when  the  wound 


Fig.  182.  Incisions  fok  Ligature  of  the  Femoral  Artery.  The  tvo  dots 
on  the  right-hand  side  are  upon  the  anterior  superior  iliac  spine  and  the  symphysis 
pubis  respectively;  that  on  the  left  is  over  the  adductor  tubercle.  The  incisions 
are,  from  left  to  right,  for  ligature  of  the  vessel  in  Hunter's  canal,  at  the  apex 
of  Scarpa's  triangle,  and  below  Poupart's  ligament  (common  femoral). 

is  small  and  situated  where  the  vessel  is  large;  this  is  referred  to  again 
in  connexion  with  ligature  of  the  common  femoral  {see  p.  450). 

When  no  attempt  to  suture  the  wound  in  the  vessel  wall  is  deemed 
feasible  or  advisable,  the  vessel  should  be  secured  by  ligature  above  and 
below  the  wound  in  its  wall,  and  it  will  l^e  a  good  plan  to  divide  the  vessel 
completely  between  the  ligatures,  as  this  allows  retraction  of  the  ends 
and  complete  protection  against  secondary  hiemorrhage. 

(ii)  Aneurysm.  The  spot  at  which  the  vessel  should  l>e  secured  will 
vary  according  to  the  situation  of  the  aneurysm;  thus,  for  an  aneurysm 
in  the  popliteal  space  the  artery  may  lie  tied  either  in  Hunter's  (the  ad- 
ductor) canal,  or  at  the  apex  of  Scarpa's  triangle  (the  femoral  trigone) ; 
for  an  aneurysm  of  the  superficial  femoral  the  artery  might  be  tied 
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at  the  apex  of  Scarpa's  triangle  (the  femoral  trigone) ;  more  probably, 
however,  the  common  femoral  artery  would  have  to  be  tied. 

(iii)  In  aneurysmal  varix  at  the  groin 
the  common  or  the  superficial  femoral  artery 
may  require  ligature.  In  such  a  case  as 
this,  however,  the  best  operation  would  be 
to  secure  the  femoral  between  double  liga- 
tures on  each  side  of  the  communication, 
and  then  to  divide  the  vessel  between  the 
double  ligatures,  thus  leaving  the  circula- 
tion through  the  vein  unimpaired;  or  it 
might  l^e  possible  to  expose  the  connexion 
between  the  two  vessels  and  suture  each 
orifice  separately  (see  p.  395). 

(iv)  Ligature  of  the  femoral  may  be 
necessary  in  the  removal  of  large  groivths 
from  Scarpa's  triangle.  As  a  rule,  however, 
it  will  be  sufficient  to  expose  the  common 
femoral  trunk  and  apply  a  temporary  liga- 
ture or  a  Crile's  clamp  (see  Fig.  155)  to  it. 
This  matter  is  more  fullv  referred  to  in  con- 
nexion  with  ligature  of  the  common  femoral 
artery  (see  p.  450). 

Surgical  anatomy.  The  femoral 
artery  is  the  direct  continuation  of  the  ex- 
ternal  iliac;  it  extends  from  the  lower  bor- 
der of  Poupart's  ligament  to  the  tendinous 
opening  in  the  adductor  magnus.  Its  course 
is  indicated  by  a  line  drawn  from  the  mid- 
point  between  the  anterior  superior  spine  of 
the  ilium  and  the  symphysis  pubis  to  the 
adductor  tubercle  when  the  knee  is  slightly 
flexed  and  the  thigh  rotated  outwards  (see 
Fig.  182).  When  the  limb  lies  flat  on  the 
table,  and  is  parallel  to  its  fellow,  however, 
the  line  of  the  artery  is  materially  altered — ^a 
point  of  great  importance  when  tying  the  vessel  in  the  rigid  dissecting- 
room  subjects  prepared  by  the  formalin  method.  In  this  case  the  line 
should  be  taken  to  the  inner  l)order  of  the  patella  instead  of  to  the 
adductor  tul>ercle  (see  Fig.  183).  In  the  upper  half  of  its  course  the 
artery  lies  in  Scarpa's  triangle  (the  femoral  trigone),  and  is  superficial. 
In  the  lower  half,  however,  it  is  more  deeply  placed  and  lies  in  Hunter's 
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Fig.  183.  Line 
Femoral  Artery 
THE    Lower    Extremity    is 

FULLY     EXTENDED.        The     lip- 

per  X  is  on  the  mid-point 
between  the  anterior  supe- 
rior iliac  spine  and  the 
symphysis  pubis,  the  lower 
on  the  inner  border  of  the 
patella. 
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(the  adductor)  canal.  At  its  commencement  the  artery  Hes  in  a  funnel- 
shaped  process  of  the  fascia  called  the  femoral  sheath,  which  is  divided 
by  septa  into  three  compartments,  the  outer  one  containing  the  artery  and 
the  crural  ( lumbo-inguinal )  branch  of  the  genito-crural  (genito-femoral) 
nerve,  the  middle  one  the  femoral  vein,  and  the  most  internal,  called  the 
crural  canal,  containing  lymphatics  and  lymphatic  glands.    The  first  inch 


Fig.  184.    Section  through  the  Thigh  at  the  Level  of  the  Upper  Part  of 
Hunter's  Canal  (Cunningham's  Auatomy). 

and  a  half  to  two  inches  of  the  vessel  is  known  as  the  common  femoral, 
the  rest  being  termed  the  superficial  femoral. 

In  front  the  artery  is  covered  by  the  skin  and  superficial  fascia,  in 
which  are  the  superficial  inguinal  glands,  and  the  superficial  circumflex 
iliac  vein  crosses  it.  It  is  also  covered  by  the  anterior  part  of  the  femoral 
sheath,  the  iliac  portion  of  the  fascia  lata,  the  cribriform  fascia,  and, 
below  this,  by  the  deep  fascia  of  the  thigh.     Near  the  apex  of  Scarpa's 
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triangle  (the  femoral  trigone)  it  is  crossed  by  a  cutaneous  branch  of  the 
anterior  crural  (femoral)  nerve  and  a  branch  of  the  internal  (great) 
saphenous  vein.  The  crural  (lumbo-inguinal)  branch  of  the  genito- 
crural  (genito-femoral)  nerve  is  in  front  and  to  the  outer  side  of  the 
artery  above,  and  runs  for  some  distance  within  the  femoral  sheath. 

In  Hunter's  (the  adductor)  canal  (see  Fig.  184)  the  vessel  is  covered 
by  a  special  fascia  forming  the  roof  of  the  canal ;  superficial  to  this  is  the 
sartorius  muscle  with  the  skin,  superficial  and  deep  fasciae.  The  internal 
or  long  saphenous  nerve  lies  at  first  to  the  outer  side  of  the  artery  in  the 
canal,  then  it  crosses  in  front  of  it,  and  finally  descends  upon  its  inner  side. 

Behind,  the  artery  is  in  relation  from  above  downwards  with  the 
posterior  part  of  the  femoral  sheath,  the  pubic  portion  of  the  fascia  lata, 
the  psoas,  pectineus,  and  the  upper  part  of  the  adductor  longus  muscle; 
while  in  Hunter's  (the  adductor)  canal  it  lies  in  the  angle  between  the 
vastus  internus  (medialis)  and  the  adductors.  The  nerve  to  the  pectineus 
passes  between  the  artery  and  the  psoas  muscle,  w^hile  the  femoral  vein 
and  the  profunda  artery  and  vein  intervene  between  it  and  the  pectineus. 
The  femoral  vein  also  separates  it  from  the  adductor  longus. 

Laterally^  the  femoral  vein  lies  to  the  inner  side  of  the  artery  above, 
at  the  apex  of  Scarpa's  triangle  (the  femoral  trigone)  it  passes  behind  it, 
and  in  Hunter's  (the  adductor)  canal  it  is  posterior  and  to  some  extent 
external  to  it.  On  the  outer  side  of  the  artery  above  is  the  anterior 
crural  (femoral)  nerve,  but  this  structure  is  separated  from  it  by  nearly 
half  an  inch.  Lower  down,  the  saphenous  nerve  crosses  the  artery 
obliquely  in  Hunter's  (the  adductor)  canal  from  the  outer  to  the  inner 
side,  and  the  nerve  to  the  vastus  internus  (medialis)  is  on  its  outer  side. 

The  artery  may  be  tied  in  three  situations:  (i)  in  Hunter's  (the 
adductor)  canal,  (ii)  at  the  apex  of  Scarpa's  triangle  (the  femoral 
trigone),  (iii)  alx>ve  the  origin  of  the  superficial  femoral. 

LIGATURE  IN  HUNTER'S  CANAL 

The  surgeon  stands  on  the  outer  side  and  has  the  knee  flexed  and  the 
thigh  somewhat  abducted  and  rotated  outwards.  An  easy  way  to  main- 
tain this  position  is  to  place  the  foot  of  the  affected  side  upon  the  opposite 
instep  and  to  support  the  knee  on  a  suitable  sand-bag.  The  line  of  the 
artery  {zndc  supra)  is  marked  out,  and  the  surgeon  makes  an  incision 
about  three  inches  long  in  the  line  of  the  vessel,  with  its  centre  opposite 
the  middle  of  the  thigh  (see  Fig.  182).  As  the  wound  is  deepened  the 
internal  (great)  saphenous  vein  will  probably  be  encountered  and  should 
be  drawn  aside,  or  divided  between  ligatures  if  this  be  impossible.  The 
deep  fascia  is  then  incised  throughout  the  length  of  the  wound,  and  the 
sartorius  comes  into  view.    This  muscle  is  identified  by  the  direction  of 
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its  fibres,  which  run  vertically  downwards.  The  outer  border  of  the 
muscle  is  defined  and  drawn  inwards  or  downwards  with  a  retractor. 
This  exposes  the  roof  of  Hunter's  (the  adductor)  canal,  which  can  nearly 
always  lie  distinguished  by  the  transverse  direction  of  its  fibres,  and 
through  which  the  pulsations  of  the  artery  can  be  felt  in  the  living  subject 
(see  Fig.  185).  The  roof  of  the  canal  is  now  opened  throughout  the 
length  of  the  wound,  and  the  artery  comes  into  view  with  the  saphenous 
nerve  crossing  it  from  without  inwards.  The  nerve  to  the  vastus  internus 
(medialis)  lies  some  distance  to  the  outer  side  of  the  vessel  and  is  not 


Fig.  185.  Ligature  of  the  Femoral  Ahtehv  in  Hunter's  Canal.  The 
sartorius  is  pulled  down  by  the  retractor,  exposing  the  vastus  internus  (medialis) 
Bbres  and  the  aponeurotic  roof  of  Hunter's  canal,  through  which  can  be  seen  the 
artery  with  the  long  saphenous  nerve  crossing  it  obliquely  from  without  inwards. 

seen  if  the  incision  has  been  accurately  made.  The  sheath  is  opened,  the 
vessel  cleared,  and  the  aneurysm  needle  passed  in  the  usual  way,  and  in 
%vhatever  direction  is  easiest,  care  Ijeing  taken  to  keep  it  closely  in  con- 
tact with  the  posterior  aspect  of  the  artery,  as  the  vein  lies  behind. 

Difficulties  and  dangers.  The  chief  difficulty  in  the  operation 
comes  from  taking  an  incorrect  line  for  the  artery,  so  that  the  incision 
is  made  too  far  internally,  and  the  surgeon  looks  for  the  vessels  on  the 
rnuscles  on  the  inner  side  of  ihe  thigh.  If  this  l>e  done  a  deep  dissection 
may  be  made  without  any  chance  of  finding  the  vessel.  It  is  very  impor- 
tant to  remember  that  the  limb  should  be  rotated  outwards  and  moder- 
ately abducted  before  the  incision  is  made ;  if  this  cannot  be  done  owing  to 
rigidity  of  the  limb,  the  alternative  line  given  above  (see  p.  444)  should 
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be  used  and  will  help  to  avoid  confusion.  The  vein  lies  behind  the  artery 
and  is  not  seen,  but  it  may  be  wounded  by  the  aneurysm  needle  unless 
care  be  taken  to  keep  the  point  of  the  latter  in  close  contact  with  the 
vessel  wall  as  it  is  passed  around  its  posterior  aspect.  Fig.  i86  gives  a 
clear  view  of  the  relations  of  the  structures  in  this  region. 

LIGATURE  AT  THE  APEX  OP  SCARPA'S  TRIANGLE 
The  limb  should  be  in  the  same  position  as  for  the  preceding  operation 
{vide  supra),  and  the  surgeon,  standing  on  the  outer  side  of  the  limb. 


Fig.  186.    Transverse  Section  throuch  the  Thigh  (Hunter's  Canal) 
(Cunningham's  Anatomy). 

makes  an  incision  about  two  inches  long  in  the  line  of  the  artery  (see 
p.  444).  commencing  about  four  inches  below  Poupart's  ligament.  The 
skin  and  fascia  are  divided  throughout  the  whole  length  of  the  wound — 
dividing  the  veins  going  to  join  the  saphenous — when  the  sartorius  comes 
into  view,  and  is  identified  by  the  direction  of  its  fibres,  which  run 
obliquely  downwards  and  inwards.  The  inner  border  of  this  muscle  is 
defined  and  drawn  outwards  with  a  retractor,  and  the  artery  will  then  be 
felt  pulsating  immediately  beneath  the  muscle  at  the  lower  end  of  tbe 
wound.  The  femoral  sheath  is  opened  well  to  the  outer  side,  taking  care 
in  doing  so  to  avoid  damage  to  the  crural  (lumlro-inguinal)  branch  of  the 
genito-crural  (genito-femural)  nerve.   The  artery  is  carefully  cleared,  and 
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the  needle  is  passed  from  within  outwards ;  it  must  be  kept  very  close  to 
the  artery  in  the  first  part  of  its  course,  so  as  to  avoid  the  vein  which  hes 
to  the  inner  side,  and  somewhat  behind  the  artery.  When  the  ligature  is 
tightened,  the  middle  and  interna]  coats  of  the  vessel  should  be  divided. 
Difficulties  and  dangers.  Wound  of  the  femoral  vein  is  not  a 
very  uncommon  accident  and  generally  results  from  clumsy  attempts 
to  clear  the  artery.    Unless  the  sheath  be  adequately  opened  before  the 


Fig.  187.  Ligature  of  the  Superficial  Femoral  at  the  Apex  of  Scarpa's 
Triangle.  The  sartorius  is  pulled  outwards  by  the  retractor.  The  small  nerves 
in  the  hook  are  cutaneous  branches  from  the  anterior  crural. 

needle  is  insinuated  round  the  vessel,  its  point  is  apt  to  be  forced  through 
the  wall  of  the  vein.  Should  such  an  accident  occur,  pressure  should  be 
applied  to  the  vein  on  both  sides  of  the  injured  spot  and  a  lateral  ligature 
applied.  The  artery  should  then  be  cleared  at  a  fresh  spot  lower  down 
and  tied. 

The  internal  (great)  saphenous  vein  may  be  exposed  and  wounded; 
if  so,  it  should  be  tied.  This  accident  is  not  of  the  least  consequence  in 
an  aseptic  wound  and  does  not  give  rise  to  cedema  unless  sepsis  occurs. 

No  other  accidents  are  likeJy  to  occur,  as  the  artery  is  superficial  and 
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easily  found,  and  the  various  nerves  in  the  vicinity  are  some  little  dis- 
tance from  the  vessel. 

Before  the  operation,  the  whole  lower  extremity  should  be  scrupu- 
lously purified  and  wrapped  up  in  sterilized  cotton  wool.  After  the  oper- 
ation, the  limb  should  be  elevated  in  bed  on  a  firm  pillow  with  a  stout 
ring  pad  beneath  the  heel  and  a  cradle  over  the  limb,  so  as  to  minimize 
the  risk  of  gangrene.  In  all  cases  of  ligature  of  the  femoral  artery  the 
patient  must  be  kept  in  bed  for  at  least  three  weeks  after  the  operation. 
When  this  has  been  done  for  aneurysm  another  three  or  four  weeks  must 
be  allowed  for  proper  consolidation  to  occur  in  the  sac. 


LIGATURE  BELOW  POUPART'S  LIGAMENT  (THE  COMMON 

FEMORAL) 

This  operation  is  comparatively  often  done  and  may  be  required : 
Indications,  (i)  For  a  zvound  of  the  artery  or  for  one  of  the 
sequelae  of  a  wound,  such  as  a  traumatic  aneurysm  or  an  aneurysmal 
varix.  The  wounds  of  this  vessel  that  the  surgeon  is  likely  to  be  called 
upon  to  treat  are  either  punctured  wounds  of  the  groin,  where  the  damage 
to  the  artery  is  small  enough  to  allow  of  its  being  stopped  by  pressure 
before  the  haemorrhage  is  fatal,  or,  more  commonly,  an  injury  to  the 
vessel  occurring  during  an  operation  such  as  removal  of  large  tumours 
from  the  groin. 

Ligature  of  the  artery  need  not  necessarily  be  performed  for  simple 
wounds  that  do  not  involve  loss  of  a  portion  of  the  vessel  wall,  as  it  is 
here  that  arteriorrhaphy  should  find  one  of  its  most  useful  applica- 
tions, since  it  is  easy  to  control  the  circulation  above  and  below  the 
wound,  and  the  size  of  the  artery  allows  of  easy  manipulation  and  suture 
of  the  vessel  wall  without  materially  interfering  with  its  lumen.  Even 
complete  division  of  the  vessel  may  be  treated  by  end-to-end  suture 
provided  that  no  portion  of  the  artery  be  actually  removed;  the  loss  of 
a  portion  would  probably  prevent  end-to-end  union  owing  to  the  diffi- 
culty of  getting  the  divided  ends  into  apposition.  When,  however,  large 
growths  or  malignant  glands  are  being  removed  from  the  groin,  portions 
of  the  artery  and  the  vein  may  be  removed  with  them  either  accidentally 
or  designedly.  The  vein  more  often  requires  removal  than  the  artery, 
as  its  sheath  is  in  close  proximity  to  the  glands  and  soon  becomes  infil- 
trated, in  which  case  it  is  much  sounder  surgery  to  remove  the  glands 
with  the  requisite  portion  of  the  vein  than  to  dissect  the  glands  oflF  the 
wall  of  the  vein,  a  procedure  which  is  very  liable  to  end  in  recurrence. 
Removal  of  a  portion  of  the  common  femoral  vein  presents  no  risks 
provided  that  the  wound  be  aseptic,  nor  need  the  surgeon  hesitate  to 
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remove  a  portion  of  the  common  femoral  artery  also  should  occasion 
demand  it. 

That  complete  removal  of  the  main  artery  and  vein  of  the  limb  from 
the  external  iliac  to  the  profunda  does  not  necessarily  cause  gangrene 
was  proved  by  the  case  shown  by  Mr.  C.  H.  Fagge  at  the  Royal  Society 
of  Medicine,  May  8,  1908,  in  which  the  right  external  iliac  artery  was 
exposed  and  trebly  ligatured  with  catgut,  the  lowest  ligature  being  an 
inch  and  a  half  above  Poupart's  ligament.  The  deep  epigastric  was  tied, 
the  incision  prolonged  downwards,  and  the  superficial  femoral  ligatured, 
as  was  also  the  deep  femoral  branch.  The  circumflex  iliac  vessels  were 
similarly  treated,  and  the  corresponding  veins  were  tied  so  that  the  whole 
mass  could  be  removed.  The  thigh  and  leg  presented  a  mottled  appear- 
ance for  forty-eight  hours,  after  which  pulsation  returned,  but  the  pulse 
in  the  operation  area  could  not  be  felt  for  a  month  afterwards.  Super- 
ficial gangrene  appeared  in  the  region  of  the  wound,  and  a  small  blister 
formed  on  the  heel. 

In  cases  of  aneurysmal  varix  it  will  hardly  ever  be  necessary  to  tie 
the  common  femoral,  since  the  circulation  can  be  controlled  effectually 
on  both  sides  of  the  communication  by  a  temporary  ligature,  after  which 
an  attempt  may  be  made  to  separate  the  union  between  the  vein  and  the 
artery  and  to  repair  the  opening  in  each  of  these  structures  by  appropriate 
plastic  methods  (see  p.  395).  Failing  this,  the  best  plan  will  be  to  secure 
the  artery  on  either  side  of  the  anastomosis,  and  then  to  suture  the  open- 
ing in  the  vein  so  as  not  to  impair  the  circulation  through  it. 

(ii)  Ligature  of  the  common  femoral  has  been  only  rarely  performed 
for  the  cure  of  an  aneurysm  of  the  superficial  femoral,  as  in  the  past  the 
majority  of  surgeons  were  in  favour  of  applying  a  ligature  to  the  external 
iliac  instead.  The  reasons  given  for  this  were  that  the  collateral  circu- 
lation in  the  neighbourhood  of  the  ligature  on  the  common  femoral  is 
so  free  that  proper  consolidation  is  not  likely  to  occur  in  the  aneurysm, 
and  that  the  length  of  the  common  femoral  is  so  variable  that  it  is 
easy  to  tie  the  superficial  branch  in  mistake  for  the  common  trunk.  An 
argument  that  formerly  weighed  considerably  against  the  operation 
was  the  risk  of  gangrene,  which  appears  to  have  been  much  greater  when 
the  common  femoral  was  tied  than  when  the  ligature  was  put  on  the 
external  iliac. 

This,  however,  was  associated  with  sepsis  and  is  not  now  to  be  feared. 
The  arguments  adduced  above  do  not  appear  to  rest  upon  any  sound 
basis,  and  excellent  results  have  been  obtained  by  the  ligature  of  the 
common  femoral.  I  should  not  hesitate  to  make  use  of  it  for  aneurysm 
high  up  on  the  superficial  femoral  in  a  suitable  case,  although  it  is  prob- 
able that  Matas's  operation  will  largely  take  its  place  in  the  future. 
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Operation.  The  groin  is  shaved,  the  limb  is  put  into  a  position 
similar  to  that  for  the  preceding  operation  (see  p.  446},  and  the  line  of 
the  artery  (see  p.  444)  marked  out  as  before.  It  is  important  to  identify 
Poupart's  ligament  accurately,  which  is  often  difficult  in  the  dead  body 
but  easy  in  the  living  subject.  An  incision  two  inches  long  is  made  in 
the  line  of  the  artery  with  its  centre  over  Poupart's  ligament,  and  the 
superficial  structures  are  divided  until  that  structure  is  reached.  Several 
glands  and  small  vessels  are  met  with  and  must  be  dealt  with  as  may  be 


Fig.  188.    Ligature  of  the  Common   Femoral  beneath   Poupart's 
Ligament. 

necessary.  The  deep  fascia  of  the  thigh  is  opened  immediately  below 
Poupart's  ligament  by  a  vertical  incision,  when  the  artery  can  be  felt  at 
once.  The  femoral  sheath  is  opened  well  to  its  outer  side  and  the  arter)- 
is  cleared  (see  Fig.  188).  The  needle  is  passed  from  within  outwards. 
and  care  must  be  taken  to  keep  it  in  close  contact  with  the  vessel  so  as  to 
avoid  taking  in  the  crural  (lumbo-inguiiial)  branch  of  the  genito-crural 
(genito-femoral)  nerve  which  lies  upon  the  front  of  its  sheath.  In  tying 
the  ligature  it  will  be  well  to  make  use  of  the  stay-knot  (see  p.  420).  and 
not  to  divide  the  inner  and  middle  coats  of  the  vessel.     The  wound  is 
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closed  without  a  drainage  tube:  the  treatment  of  the  limb  is  the  same 
as  in  the  preceding  operation  (see  p.  450). 

The  after-treatment  is  the  same  as  for  the  previous  case. 

Difficulties  and  dangers.  The  chief  difficulty  is  the  uncertainty 
as  to  whether  the  common  trunk  or  the  superficial  branch  has  been 
secured.  It  is  not  uncommon  to  find  the  common  femoral  exceedingly 
short;  it  is  rarely  more  than  one  and  a  half  inches  long,  and  on  occasions 
it  may  be  almost  absent.  Under  these  circumstances  the  surgeon  mis- 
takes the  superficial  femoral  for  the  common  trunk.  This  mistake  is 
very  common  in  operations  upon  the  dead  subject,  and  is  best  avoided 
by  making  sure  that  the  point  at  which  the  artery  is  tied  is  immediately 
under  Poupart's  ligament;  the  further  away  from  it  the  ligature  is 
placed,  the  greater  is  the  likelihood  of  mistake. 


CHAPTER  VIII 
LIGATURE  OF  THE  ARTERIES  OF  THE  PELVIS 

LIGATURE  OF  THE  EXTERNAL  ILIAC  ARTERY 

Indications,  (i)  This  artery  is  rarely  tied;  almost  the  only  con- 
dition that  calls  for  ligature  of  it  is  a  femoral  aneurysm  high  enough 
up  to  preclude  ligature  of  either  the  superficial  or  the  common  femoral 
trunk. 

(ii)  For  wounds  of  the  external  iliac  it  is  not  likely  to  be  practised 
frequently.  Wounds  of  that  vessel  are  rare,  and  the  few  cases  that 
survive  that  injury  long  enough  to  come  under  the  hands  of  the  surgeon 
will  be  more  appropriately  treated  by  some  form  of  arteriorrhaphy  (see 
p.  377).  The  external  iliac  artery  is  so  large  that  suture  of  a  wound  in 
its  walls  should  be  a  matter  of  comparative  simplicity.  It  can  be  exposed 
by  either  of  the  methods  given  below,  the  circulation  temporarily  arrested 
by  clamps  or  temporary  ligatures  applied  on  both  sides  of  the  wound, 
and  the  latter  sutured.  Even  complete  division  of  the  artery — which  as 
a  non-fatal  event  would  only  be  likely  to  occur  during  the  course  of  a 
surgical  operation — would  be  better  treated  by  an  end-to-end  circular 
arteriorrhaphy  (see  p.  381)  than  by  ligature. 

(iii)  Ligature  of  the  external  iliac  artery  was  formerly  a  recognized 
method  of  treatment  for  elephantiasis,  but  this  has  been  given  up;  it  is 
useless  and  not  devoid  of  risk. 

Surgical  anatomy.  This  artery  is  the  larger  of  the  two  terminal 
divisions  of  the  common  iliac  trunk,  and  extends  from  the  side  of  the 
lumbo-sacral  articulation  to  Poupart's  ligament.  The  anatomical  line  of 
the  artery  is  from  a  point  three-quarters  of  an  inch  below  and  a  little  to 
the  left  of  the  umbilicus,  to  another  point  midway  between  the  anterior 
superior  spine  of  the  ilium  and  the  symphysis  pubis;  the  former  point 
lies  on  the  level  of  a  line  joining  the  highest  parts  of  the  crests  of  the  ilia. 
The  lower  two-thirds  of  this  line  denote  the  external  iliac  vessel.  The 
artery  varies  in  length,  but  usually  is  about  three  and  a  half  inches  long. 
In  front  of  the  artery  are  the  peritoneum,  and  on  the  right  side  the 
terminal  portion  of  the  ileum  and  occasionally  the  appendix,  while  on 
the  left  side  are  the  sigmoid  flexure  and  some  coils  of  small  intestine. 
The  ureter  may  cross  the  artery  near  its  origin ;  the  ovarian  vessels  also 
cross  it  in  the  female,  and  the  spermatic  in  the  male,  the  former  near  its 
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origin,  the  latter  near  its  termination.  Near  its  termination  also,  the 
genital  (external  spermatic)  branch  of  the  genito-crural  (geni to- femoral) 
nerve  and  the  deep  circumflex  iliac  vein  are  in  front  of  the  vessel,  while 
the  vas  deferens  in  the  male  and  the  round  ligament  in  the  female  curve 
over  it  to  enter  the  pelvis;  numerous  lymphatic  vessels  lie  in  front  of 
the  vessel  throughout  its  whole  length. 

Behind,  the  artery  lies  upon  the  iliac  fascia,  from  which  it  is  separated 
by  the  external  iliac  vein  above,  and  the  psoas  muscle  and  its  tendon 
lower  down;  near  its  commencement  the  obturator  nerve  lies  behind 
the  artery. 

Laterally y  the  genito-crural  (genito- femoral)  nerve  lies  to  its  outer 
side,  while  internally  and  somewhat  more  deeply  placed  is  the  external 
ihac  vein.  This  aspect  of  the  vessel  is  covered  by  peritoneum  and  is 
crossed  by  the  vas  deferens  in  the  male  and  the  ovarian  vessels  in  the 
female. 

Operation.  The  vessel  may  be  reached  by  two  routes,  namely 
the  extra-peritoneal  or  the  trans-peritoneal.  Of  these  the  former  is  better 
suited  for  those  cases  in  which  the  ligature  has  to  be  applied  to  the  lower 
end  of  the  artery,  whilst  the  trans-peritoneal  method  is  generally  reserved 
for  those  in  which  the  ligature  must  be  applied  high  up,  or  may  even  have 
to  be  put  round  the  common  iliac  trunk.  Trans-peritoneal  exposure  of 
the  artery,  as  will  be  seen  from  a  perusal  of  the  steps  of  the  operation, 
is  a  very  simple  method,  and  it  affords  ample  access  to  the  great  vessels, 
from  the  bifurcation  of  the  aorta  downwards,  in  a  way  that  none  of  the 
other  operations  do.  Now  that  trans-peritoneal  operations  have  been 
robbed  of  their  risk  of  sepsis,  and  especially  since  the  introduction  of  the 
Trendelenburg  position,  the  abdomen  should  be  opened  in  all  cases  except 
those  in  which  it  is  certain  that  the  surgeon  will  have  to  deal  with  the 
extreme  lower  end  of  the  vessel  only.  For  these,  Sir  Astley  Cooper's 
extra-peritoneal  method  is  all  that  is  required.  It  allows  easier  access 
to  the  vessel  than  does  the  trans-peritoneal  method,  in  which  the  deep 
epigastric  artery  gets  seriously  in  the  way  when  the  lower  end  of  the 
vessel  has  to  be  exposed ;  at  the  same  time  there  is  no  weakness  left  in 
the  abdominal  wall  after  it. 

THE  EXTRA-PERITONEAL  OPERATION 

Two  operations  are  usually  given  in  books  for  extra-peritoneal 
exposure  of  this  vessel,  called  respectively  by  the  names  of  Sir  Astley 
Cooper  and  John  Abernethy.  Of  these  Sir  A.  Cooper's  operation  is 
probably  the  only  one  that  would  be  done  at  the  present  day,  and  is  well 
suited  for  reaching  the  artery  at  the  lower  end  of  its  course  with  the  least 
displacement  of  parts  or  liability  to  subsequent  weakening  of  the  abdomi- 
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nal  wall.  Abernethy's  operation,  on  the  contrary,  does  more  damage  to 
the  abdominal  wall,  and  ts  apt  to  leave  it  permanently  weakened;  it  is 
more  adapted  for  the  application  of  a  ligature  high  up  on  the  external 
iliac  artery,  or  on  the  common  trunk,  and,  as  this  object  is  better  attained 
by  the  trans-peritoneal  method,  Abernethy's  operation  will  not  be  de- 
scribed here. 

Sir  Astley  Cooper's  operation.  The  bowels  should  be  well 
cleared  out  before  operation,  and  the  pubic  region  shaved.  An  incision 
from  three  and  a  half  ♦o  five  inches  long,  according  to  the  thickness 


Fig.  189,  Sir  Astley  Cooper's  Incision  for  Extra-peritoneal  Ligature 
OF  THE  {external  Il[ac  Aktkry.  The  riglit-hand  dot  is  over  the  anterior  superior 
iliac  spine,  the  left-hand  one  over  the  spine  of  the  pubes. 

nf  the  subcutaneous  fat,  is  commenced  at  a  point  an  inch  and  a  quarter 
outside  the  pubic  spine,  and  three-eighths  of  an  inch  above  Poupart's 
lifjament.  The  first  two-thirds  of  this  incision  run  parallel  to  Poupart's 
ligament,  and  then  the  incision  curves  upwards  and  inwards  until  it 
terminates  an  inch  aJMJve  and  internal  to  the  anterior  superior  spine  of 
the  ilium  (see  Fig.  189).  In  this  incisinii  numerous  superficial  vessels 
(e.g.  superficial  epigastric  and  circumflex  iliac)  are  divided  and  will 
require  ligature.  When  the  incision  has  l)ccn  deepened  down  to  the  exter- 
nal oblique  aponeurosis,  that  structure  is  carefully  slit  up  in  the  direction 
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of  its  fibres  throughout  the  whole  length  of  the  incision,  and  the  fleshy 
fibres  of  the  internal  oblique  muscle  are  identified  below  it.  These  in  turn 
are  divided  to  a  similar  extent  and  carefully  differentiated  from  the 
arched  fibres  of  the  transversalis  muscle  a  little  deeper ;  at  this  stage  the 
upper  end  of  the  internal  abdominal  ring  will  come  into  view.  The  fibres 
of  the  transversalis  muscle  are  next  cut  through  in  the  line  of  the  wound, 
exposing  the  transversalis  fascia;  in  the  living  subject  there  is  usually  a 
definite  layer  of  cellular  tissue  between  these  two  structures.  The  trans- 
versalis  fascia  is  similarly  divided  throughout  the  extent  of  the  wound 
and  the  extra-peritoneal  fat  and  cellular  tissue  exposed.  This  stage  of 
the  operation  requires  to  be  done  with  great  care,  as  the  peritoneum  may 
be  mistaken  for  the  transversalis  fascia  and  opened  by  mistake. 

When  the  transversalis  fascia  has  been  divided,  the  fingers  are  inserted 
into  the  wound,  and  the  peritoneum  is  gently  stripped  upwards  and  in- 
wards from  the  iliac  fossa  towards  the  umbilicus,  carrying  with  it  the  in- 
testines contained  inside  it.  This  is  done  with  the  fingers,  as  there  is  then 
less  risk  of  damaging  the  membrane,  and  it  must  be  effected  with  gentle- 
ness; if  force  be  employed,  the  iliac  fascia  may  be  separated  from  the 
psoas  muscle,  and  the  vessels  stripped  up  and  carried  with  it.  When  the 
peritoneum  has  been  separated  sufficiently  widely,  a  large  retractor  is 
inserted  so  as  to  pull  it  and  the  intestines  up  towards  the  umbilicus,  and  a 
good  view  can  be  then  obtained,  especially  if  a  forehead-lamp  be  used. 
The  external  iliac  artery  will  be  felt  running  along  the  brim  of  the  pelvis 
near  the  inner  end  of  the  wound,  and  its  sheath  should  be  opened  well  on 
the  outer  side,  so  as  to  avoid  the  vein  which  lies  to  its  inner  side.  The 
genito-crural  (genito-femoral)  nerve  must  also  be  avoided  both  in  clearing 
the  sheath  and  in  passing  the  ligature,  which  should  be  done  from  the 
inner  side ;  the  simplest  plan  is  to  hold  the  nerve  aside  with  a  small  hook. 
It  is  usual  to  tie  the  artery  about  an  inch  and  a  half  above  Poupart's 
ligament,  so  as  to  be  above  the  origin  of  the  deep  epigastric  branch  which 
comes  off  the  parent  trunk  quite  close  to  the  ligament.  The  ligature 
should  only  be  tied  tight  enough  to  approximate  the  coats  of  the  vessel 
and  not  to  divide  them;  for  this  purpose  the  *  stay-knot '  (see  p.  420)  is 
excellent. 

After  the  bleeding  has  been  arrested,  the  cut  edges  of  each  individual 
muscle  are  approximated  by  sutures  of  moderately  stout  catgut,  and 
the  wound  is  closed  without  a  drainage  tube.  It  is  important,  both  for 
the  proper  approximation  of  the  parts  and  the  relief  of  tension  on  the 
divided  abdominal  muscles,  that  the  patient  should  be  propped  up  after 
the  operation,  and  a  large  pillow  placed  under  the  knees  so  as  to  relax 
the  abdominal  wall  as  fully  as  possible.  The  precautions  already  indi- 
cated (see  p.  450)  are  taken  to  avoid  the  occurrence  of  gangrene. 
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Difficulties  and  dangers.  The  difficulties  of  this  operation  are 
greater  in  the  dead  subject  than  in  the  living,  in  whom  the  differentiation 
between  the  various  muscular  planes  of  the  abdominal  wall  is  quite  well 
marked.  In  the  dead  subject,  especially  in  old  and  emaciated  persons, 
it  is  easy  to  mistake  the  peritoneum  for  the  transversalis  fascia  and  to 
open  the  former  by  mistake.  In  the  living  subject,  however,  this  mistake 
is  not  likely  to  occur  unless  the  incision  be  begun  too  high  above  Poupart's 
ligament,  in  which  case  the  well-marked  cellular  interval,  which  is  always 
present  between  the  fascia  transversalis  and  the  point  at  which  the 
peritoneum  becomes  reflected  from  the  abdominal  wall  on  to  the  iliac 
fossa,  is  missed.  Should  such  an  accident  happen,  however,  it  would 
have  but  slight  importance  at  the  present  day,  since  the  operation  could 
be  completed  quite  satisfactorily  either  after  sewing  up  the  rent  in  the 
peritoneum  or  by  enlarging  the  incision  in  it  and  completing  the  opera- 
tion through  the  peritoneum. 

The  chief  difficulty  both  in  the  living  and  the  dead  subject  will  be 
found  in  too  short  an  incision.  It  is  of  great  importance  to  calculate 
the  length  of  the  incision  carefully,  and  to  make  all  the  incisions  in  the 
deeper  parts  the  same  length  as  that  in  the  skin.  The  danger  of  detach- 
ing the  artery  from  the  psoas  muscle  has  already  been  referred  to ;  this 
accident,  however,  can  hardly  happen  except  as  the  result  of  using  con- 
siderable force.  Injury  to  the  vein  or  to  the  genito-crural  nerve  may 
occur,  but  is  easily  avoided  by  care  in  clearing  the  vessel.  The  operator 
is  usually  warned  not  to  open  the  internal  ring,  but  this  is  a  matter  of 
very  little  importance,  as  it  is  easily  sewn  up  subsequently.  A  more 
important  thing  is  damage  to  the  cord,  which  may  occur  if  the  incision 
be  placed  too  low. 

Jacobson  and  Rowlands  (The  Operations  of  Surgery,  Fifth  Edition, 
vol.  ii,  p.  7)  mention  a  method  of  performing  this  operation  by  splitting 
the  fibres  of  the  abdominal  muscles  in  the  same  manner  as  is  done  in 
the  appendix  operation.  They  claim  for  it  that  '  the  risk  of  ventral 
hernia  is  greatly  diminished,  and  the  difficulties  of  the  operation  are  not 
materially  increased,  if  good  retractors  be  used '.  It  is  difficult  to  see 
why  the  ordinary  operation  should  be  accompanied  by  any  risk  of  ventral 
hernia  if  the  wound  be  kept  clean  and  no  drainage  tube  be  used.  Indeed, 
as  far  as  the  muscular  incisions  are  concerned  they  correspond  fairly 
closely  to  certain  forms  of  operation  for  the  radical  cure  of  hernia.  Any 
one  who  has  tried  the  two  methods  will  agree,  I  think,  that  it  impedes 
the  operator  to  split  the  muscles,  and  that  in  a  fat  subject  it  would  be 
almost  impossible  to  expose  the  artery  thus  if  an  aneurysm  were  present. 
Moreover,  there  is  likely  to  be  troublesome  bleeding  from  large  branches 
of  the  deep  epigastric. 
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THE  TRANS-PERITONEAL  OPERATION 

For  reasons  already  mentioned  (see  p.  455)  this  method  offers 
decided  advantages  over  the  preceding  one,  as  it  enables  the  surgeon  to 
apply  the  ligature  to  any  part  of  the  vessel  that  may  seem  desirable;  or  he 
can,  if  he  thinks  fit,  secure  the  common  iliac  trunk  or  the  internal  iliac 
branch  through  the  same  incision.  The  risks  attaching  to  this  operation 
have  been  very  largely  diminished  at  the  present  day,  owing  to  the 
adoption  of  the  Trendelenburg  position ;  thanks  to  it,  the  field  of  opera- 
tion is  never  obscured  and  the  operation  is  greatly  simplified. 

A  very  useful  incision  is  one  about  an  inch  to  the  mesial  side  of  the 
linea  semilunaris,  from  about  half  an  inch  above  Poupart's  ligament  to 
the  level  of,  or  well  above,  the  umbilicus,  according  to  the  fatness  of  the 
patient.  The  anterior  layer  of  the  sheath  of  the  rectus  is  first  divided, 
and  then  the  outer  edge  of  the  rectus  is  defined  and  the  muscle  pulled 
inwards  towards  the  middle  line.  The  deep  epigastric  vessels  must  not 
be  wounded  in  doing  this,  as  very  troublesome  bleeding  may  occur  if 
they  are.  The  posterior  layer  of  the  sheath  and  the  peritoneum  are  then 
opened  in  the  line  of  the  original  skin  incision,  the  patient  is  put  in  the 
Trendelenburg  position,  and  the  intestines  are  packed  well  out  of  the 
way  in  the  upper  half  of  the  abdomen  by  means  of  a  large  abdominal 
cloth.  The  edges  of  the  wound  are  held  wide  apart  with  broad  flat 
retractors,  and,  if  necessary,  a  forehead  lamp  is  used  to  illuminate  the 
field  of  operation. 

The  next  steps  of  the  operation  vary  somewhat  according  to  whether 
the  artery  to  be  tied  is  on  the  left  or  the  right  side.  On  the  left  side  the 
artery  is  covered  by  the  meso-rectum,  which  has  to  be  divided  before 
the  vessel  can  be  reached.  The  common  iliac  and  the  upper  part  of 
the  external  trunk  are  covered  by  the  inferior  mesenteric  vessels  as  they 
pass  down  in  the  meso-sigmoid  to  reach  the  meso-rectum.  In  order  to 
reach  the  artery  in  this  situation,  therefore,  it  will  be  necessary  to  make 
a  vertical  slit  in  the  peritoneum  just  to  the  left  of  the  middle  line,  and 
then  to  peel  this  structure  outwards  until  the  vessel  is  exposed.  In  doing 
this  the  large  common  and  external  iliac  veins  are  also  exposed.  The 
ureter  must  be  looked  for  and  carefully  avoided,  as  it  would  be  disastrous 
to  include  it  in  the  ligature,  which  should  be  passed  from  the  vein,  Le, 
the  inner,  side. 

On  the  right  side,  the  operation  is  much  easier,  the  artery  being 
crossed  by  the  termination  of  the  ileum,  which  only  requires  to  be  pulled 
up,  and  the  peritoneum  can  then  be  divided  directly  over  the  vessel.  The 
operation  is  therefore  much  easier  on  the  right  side  than  on  the  left. 

The  coats  of  the  vessel  are  approximated  by  a  *  stay-knot '   (see 
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p.  420),  and  when  that  has  been  tied  and  the  ends  cut  short  the  incision 
in  the  peritoneum  is  closed  by  a  fine  catgut  suture.  The  abdominal  wall 
is  closed  in  the  usual  way,  as  after  laparotomy. 

Difficulties  and  dangers.  There  are  a  few  difficulties  attending 
this  form  of  the  operation.  The  chief  one  is  the  difficulty  in  getting 
a  good  view  of  the  artery;  this  is  only  of  real  importance  in  very  fat 
subjects.  When  there  is  an  immense  amount  of  fat  in  the  abdominal 
wall,  the  omentum,  and  the  mesentery,  &c.,  it  becomes  very  difficult  to 
get  a  clear  field  for  operation.  The  difficulty  is  best  obviated  by  the  use 
of  the  Trendelenburg  position;  a  clear  view  of  the  field  of  operation  can 
be  obtained  after  packing  the  intestines  out  of  the  way,  and  it  should 
then  be  impossible  to  overlook  the  presence  of  the  ureter  and  include 
it  in  the  ligature. 

On  the  right  side  it  is  a  little  difficult  to  clear  the  vessel  so  as  to 
avoid  the  vein,  but  only  patience  is  required. 

LIGATURE  OF  THE  INTERNAL  ILIAC  (HYPOGASTRIC) 

ARTERY 

Indications.  These  will  be  very  few.  Almost  the  only  condition 
for  which  the  artery  is  likely  to  require  ligature  is  an  aneurysm  in  the 
gluteal  region.  The  vessel  may  sometimes  be  tied  as  a  preliminary  to 
excision  of  the  rectum  by  the  abdomino-perineal  method;  it  may  be  tied 
also  as  a  preliminary  to  complete  extirpation  of  the  uterus. 

If  a  gluteal  aneurysm  be  present  it  is  most  difficult  to  ligature  the 
superior  gluteal  artery,  and  the  old  operation  of  laying  open  the  sac, 
turning  out  the  clot,  and  securing  the  open  mouth  of  the  vessel  is  a  very 
hazardous  one.*  Ligature  of  the  internal  iliac  (hypogastric)  artery,  of 
which  the  superior  gluteal  is  the  terminal  branch,  is  therefore  a  much 
simpler  method.  Similarly,  when  a  gluteal  abscess  opens  into  the  artery 
and  forms  a  diffuse  aneurysm  in  the  buttock,  it  may  be  necessary  to 
tie  the  internal  iliac  (hypogastric)  trunk. 

Ligature  of  the  internal  iliac  (hypogastric)  artery  forms  a  recognized 
preliminary  measure  in  the  abdomino-perineal  resection  of  the  rectum 
recommended  by  Hartmann  and  Quenu,  and  I  have  performed  it  with 
ease  and  rapidity  in  two  such  cases.  In  panhysterectomy,  on  the  other 
hand,  it  is  not  so  generally  necessary,  as  the  uterine  and  vaginal  vessels 
can  be  secured  seriatim  with  comparative  ease. 

In  certain  cases  of  wounds  of  the  buttock  such  as  stabs  or  bayonet 
wounds,  or  injuries  to  the  pelvis  by  means  of  firearms,  there  may  be 
severe  bleeding  from  a  wound  in  the  neighbourhood  of  the  great  sacro- 
^  See,  however,  the  case  reported  by  Abbe  (see  p.  385). 
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sciatic  foramen,  apparently  from  the  gluteal  artery.  If  slight  enlarge- 
ment of  the  wound  does  not  allow  the  surgeon  to  secure  the  bleeding 
vessel,  and  if  the  loss  of  blood  be  severe,  it  will  be  wise  to  plug  the 
wound  firmly  with  gauze  and  adrenalin,  and  to  open  the  abdomen  with 
the  view  of  securing  the  internal  iliac  (hypogastric)  artery. 

Anatomy.  The  artery  is  about  one  and  a  quarter  inches  long  and 
extends  from  one  side  of  the  lumbo-sacral  articulation  to  the  upper 
margin  of  the  great  sacro-sciatic  foramen,  where  it  divides  into  its  two 
terminal  branches. 

It  is  covered  in  front  by  the  peritoneum  and  is  crossed  by  the  ureter. 
On  the  left  side  it  is  crossed  by  the  rectum,  which  eventually  lies  on  its 
inner  side,  and  on  the  right  side  the  coils  of  small  intestine  do  the  same. 
Both  the  external  iliac  (just  before  it  becomes  the  common  iliac)  and 
the  internal  iliac  (hypogastric)  veins  lie  behind  it,  as  do  also  the  lumbo- 
sacral cord  and  the  sacrum.  It  is  separated  from  the  inner  edge  of  the 
psoas  by  the  external  iliac  vein  above.  The  obturator  nerve  also  lies 
between  it  and  the  wall  of  the  pelvis  rather  posterior  to  the  vessel. 

The  operation  is  done  by  the  trans-peritoneal  method,  in  a  manner 
similar  to  that  described  for  the  external  iliac  trunk.  The  extra-peritoneal 
route  is  so  unnecessarily  difficult  and  hazardous  that  it  is  not  likely  to  be 
used  and  therefore  will  not  be  described. 

After  the  abdomen  has  been  opened  and  the  intestines  have  been 
packed  out  of  the  way,  the  bifurcation  of  the  common  iliac  is  felt  for 
and  the  internal  iliac  (hypogastric)  artery  is  traced  down  into  the  pelvis. 
The  peritoneum  is  incised  over  the  artery,  and  the  vessel  cleared,  and 
a  ligature  passed  from  whichever  side  may  be  most  easy. 

LIGATURE  OF  THE  COMMON  ILIAC  ARTERY 

Indications,  (i)  The  chief  affection  for  which  ligature  of  the 
common  iliac  trunk  will  be  required  is  an  aneurysm  of  the  external  iliac 
artery.  Owing,  however,  to  the  great  risk  of  gangrene  following  ligature 
{vide  infra)  an  attempt  to  preserve  the  circulation  in  the  vessel  by  means 
of  Matas's  operation  (see  p.  382)  will  be  probably  preferred. 

(ii)  The  vessel  has  been  tied  on  several  occasions  for  wounds — usually 
in  association  with  gunshot  injuries.  These  cases  must  obviously  always 
be  rare,  as  the  condition  is  a  very  fatal  one.  Here  again  ligature  will  prob- 
ably be  abandoned  in  future  in  favour  of  arteriorrhaphy  (see  p.  379). 

(iii)  It  has  also  been  tried  for  secondary  haemorrhage^  but  this  will 
hardly  be  necessary  at  the  present  time  when  secondary  haemorrhage 
has  practically  disappeared  from  surgery. 

(iv)  Either  the  common  or  the  external  trunk  will  be  ligatured  and 
divided  in  removal  of  one  half  of  the  pelvis. 
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Anatomy.  The  artery  extends  from  the  bifurcation  of  the  aorta 
(three-quarters  of  an  inch  below  and  a  little  to  the  left  of  the  umbilicus, 
opposite  the  middle  of  the  fourth  lumbar  vertebra)  to  one  side  of  the 
lumbo-sacral  articulation,  where  it  divides  into  its  external  iliac  and 
internal  iliac  (hypogastric)  branches. 

The  right  common  iliac  artery  is  longer  than  the  left  and  has  behind 
it  the  commencement  of  the  vena  cava,  both  the  common  iliac  veins, 
the  psoas  muscle,  the  lumbo-sacral  cord,  the  obturator  nerve,  and  the  ilio- 
lumbar artery.  In  front  it  is  covered  by  the  peritoneum,  the  termination 
of  the  ileum,  and  sometimes  by  the  head  of  the  caecum  and  the  appendix. 
The  ureter  crosses  it  near  its  bifurcation,  as  do  also  the  ovarian  vessels 
in  the  female.  To  its  outer  side  lie  the  vena  cava,  the  upper  end  of  the 
right  common  iliac  vein,  and  the  psoas.  To  its  inner  side  is  the  right 
common  iliac  vein  below  and  the  left  common  iliac  vein  above. 

The  left  common  iliac  artery  is  one  and  three-quarter  inches  long  and 
has  the  sam£  relations  in  front  as  the  right,  except  that  it  is  crossed 
by  the  sigmoid  flexure  and  its  meso-sigmoid,  containing  the  superior 
haemorrhoidal  vessels,  instead  of  the  end  of  the  ileum.  Behind,  it  lies 
upon  the  fourth  and  fifth  lumbar  vertebrae,  the  obturator  nerve,  the 
ilio-lumbar  artery,  and  the  lumbo-sacral  cord.  To  its  outer  side  is  the 
psoas;  to  its  inner  side  are  the  left  common  iliac  vein  and  the  middle 
sacral  artery. 

Operation.  The  operation  is  done  in  all  respects  in  the  same 
manner  as  that  for  the  trans-peritoneal  ligature  of  the  external  iliac, 
except  that  in  this  instance  it  will  be  better  to  make  the  abdominal 
incision  nearer  to  the  middle  line;  it  should  therefore  extend  from  an 
inch  and  a  half  above  Poupart's  ligament  to  just  above  the  level  of  the 
umbilicus,  and  should  be  about  an  inch  to  its  own  side  of  the  middle 
line.  The  anterior  layer  of  the  sheath  of  the  rectus  is  opened,  the  inner 
margin  of  that  muscle  is  defined  and  pulled  outwards,  and  the  posterior 
layer  of  the  sheath  and  the  peritoneum  are  divided  in  the  usual  manner. 
The  Trendelenburg  position  is  then  adopted,  and  the  intestines  packed 
up  out  of  the  way. 

The  peritoneum  is  incised  directly  over  the  artery,  and  the  ligature 
is  passed  as  in  the  case  of  the  external  iliac.  The  after-treatment  is  also 
similar. 

There  is  more  than  one  method  of  applying  a  ligature  to  this  vessel 
by  the  extra-peritoneal  route  which  has  been  in  vogue  in  the  past,  but 
which  will  be  entirely  abandoned  in  future  in  favour  of  the  safer,  more 
certain,  and  more  rapid  trans-peritoneal  operation.  The  latter  is  so 
obviously  superior,  that  the  extra -peritoneal  operation  will  not  be 
described. 
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The  ligature  should  be  tied  only  tightly  enough  to  approximate  the 
coats  of  the  vessel  without  dividing  them,  and  it  is  well  to  use  the  '  stay- 
knot  '  with  a  double  floss  silk  ligature  as  recommended  by  Ballance  and 
Edmunds  (seep.  420). 

Results.     Gillette   {Annals  of  Surgery,  vol.  xlviii,    1908,  p.  22) 


Fig.  190.  Ligature  of  the  Right  Common  Iuac  Artery.  The  needle  is 
passed  around  the  vessel  just  above  its  bifurcation.  The  ureter  is  seen  pulled 
towards  the  middle  line  and  just  denuded  of  its  peritoneal  covering  in  the  upper 
part  of  the  incision  in  the  peritoneum. 

reports  a  case  of  ligature  of  the  common  iliac  for  aneurysm  of  the  sciatic 
artery.  The  ligature  was  practised  through  the  peritoneum  and  tied  close 
to  the  bifurcation  of  the  aorta.    Gangrene  of  the  leg  followed  and  ampu- 
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tation  was  done  at  the  junction  of  the  upper  and  middle  thirds,  but  the 
flaps  sloughed  and  finally  a  cure  resulted  after  amputation  six  inches 
above  the  knee.  He  gives  a  summary  of  the  cases  reported,  and  mentions 
eighty  cases  with  fifty-six  deaths,  or  a  death-rate  of  70  per  cent. ;  fifty- 
nine  of  these  he  classes  as  prior  to  the  antiseptic  era  in  1880,  and  of  these 
forty-six  died,  a  death-rate  of  77.97  per  cent.  Since  1880  twenty-one 
cases  have  been  reported,  presumably  with  proper  antiseptic  precautions, 
with  a  mortality  of  ten  cases  or  47.64  per  cent.  Gangrene  of  the  leg  has 
occurred  in  the  last  twenty-one  cases  seven  times,  i.e.  33%  per  cent. 
Although  the  death-rate  has  been  lowered  by  more  improved  methmls 
the  operation  no  doubt  is  still  dangerous,  chiefly  owing  to  the  risk  of 
gangrene,  and  should  be  only  employed  in  cases  of  absolute  necessity. 

LIGATURE  OF  THE  SUPERIOR  GLUTEAL  ARTERY 

Indications.  This  is  practically  only  a  dissecting-room  operation ; 
even  then,  however,  it  is  scarcely  a  fair  test  of  surgical  ability,  as  the 
position  in  which  the  body  lies  causes  the  veins  to  become  intensely 
congested  and  the  soft  parts  to  become  water-logged,  so  that  a  clear 
view  of  the  vessel  is  impossible. 

At  one  time  ligature  of  the  vessel  was  done  in  the  living  subject  for 
the  cure  of  gluteal  aneurysm,  and  for  some  cases  in  which  the  artery 
had  ulcerated  or  ruptured  into  a  gluteal  abscess.  Either  of  these  con- 
ditions, however,  should  be  treated  by  ligature  of  the  internal  iliac 
(hypogastric)  artery  by  the  trans-peritoneal  method  (see  p.  460).  No 
surgeon  conversant  with  the  difficulties  in  securing  the  vessel  outside  the 
pelvis  would  willingly  face  the  extra-pelvic  operation  if  he  could  do  the 
comparatively  easy  trans-peritoneal  ligature  of  the  internal  iliac  (hypo- 
gastric) artery. 

Anatomy.  This  vessel  is  the  largest  branch  of  the  internal  iliac 
(hypogastric)  artery,  and  passes  backwards  out  of  the  pelvis  through  the 
great  sacro-sciatic  foramen  immediately  above  the  pyriformis  muscle, 
between  it  and  the  gluteus  medius;  the  superior  gluteal  vein  is  super- 
ficial to  it.  The  superior  gluteal  nerve  emerges  from  the  foramen  belo^Y 
the  artery.  The  artery  divides  into  superficial  and  deep  branches:  the 
point  of  division  is  variable  and  sometimes  is  well  inside  the  pelvis. 
The  superficial  branch  passes  directly  upwards  or  backwards  to  supply 
the  under-surface  of  the  gluteus  maximus,  whilst  the  deeper  branch 
accompanies  the  superior  gluteal  nerve  between  the  gluteus  medius  and 

minimus. 

The  point  of  exit  of  the  artery  from  the  pelvis  corresponds  to  the 
junction  of  the  inner  with  the  middle  third  of  a  line  drawn  from  the 
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posterior  superior  spine  of  the  ilium  to  the  top  of  the  great  trochanter, 
when  the  thigh  is  flexed  and  rotated  slightly  inwards.  Another  landmark 
is  the  junction  of  the  posterior  with  the  middle  third  of  a  line  drawn 
from  the  anterior  superior  to  the  posterior  superior  spine  of  the  ilium 
(Morris). 

Operation.     The  patient  lies  as  nearly  in  the  prone  position  as  the 
exigencies  of  the  anssthetic  allow,  and  is  drawn  to  the  end  of  the  table 


Fic.  191.     The  Superiok  Gluteal  Artery.     The  trunk  of  the  vessel  is  seen 
emerging  above  the  pyriformis  and  dividing  into  its  terminal  branches. 

SO  that  the  affected  limb  hangs  over  its  end ;  the  thigh  is  rotated  inwards. 
The  surgeon  stands  on  the  affected  side  and  makes  an  incision  five  inches 
long  in  the  line  from  the  posterior  superior  iliac  spine  to  the  great 
trochanter,  the  centre  of  the  incision  corresponding  to  the  point  of 
emergence  of  the  vessel  from  the  pelvis  (zide  supra).  After  the  coarse 
skin  and  subcutaneous  fat  of  the  buttock  have  been  incised,  the  fibres  of 
the  gluteus  maximus  are  seen  arranged  in  large  bundles  running  practi- 
cally in  the  line  of  the  wound,  and  are  pulled  aside  with  broad  retractors 
until  the  cellular  interval  between  the  under-surface  of  the  gluteus  maxi- 
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mus  and  the  pyriformis  and  gluteus  medius  is  reached.  The  surgeon 
must  be  careful  to  ascertain  when  he  has  reached  this  interval,  as  the 
appearances  are  rather  deceptive,  the  gluteus  maximus  being  intersected 
here  and  there  with  tracts  of  fatty  cellular  tissue  which  may  lead  to  the 
erroneous  conclusion  that  this  interval  has  been  reached  some  time  before 
the  thick  muscle  has  been  traversed  entirely. 

After  the  gluteus  maximus  has  been  divided  completely,  the  leg  is 
placed  in  the  horizontal  position  so  as  to  relax  the  muscles  to  the  utmost, 
and  the  pyriformis  and  gluteus  medius  are  identified ;  the  interval  between 
these  two  muscles  is  opened  up,  the  upper  margin  of  the  pyriformis  and 
the  lower  border  of  the  great  sacro-sciatic  notch  being  carefully  defined. 
Emerging  from  above  the  upper  border  of  the  pyriformis  will  be  seen 
the  superficial  division  of  the  artery,  together  with  the  superior  gluteal 
nerve,  and  this  should  be  traced  downwards  and  inwards  until  the  trunk 
of  the  vessel  is  reached  (see  Fig.  191).  This  is  more  difficult  than  the 
description  would  indicate,  owing  to  the  presence  of  numerous  veins, 
and  the  fact  that  the  branches  of  the  gluteal  often  come  oflf  on  a  plane 
almost  at  right  angles  to  that  of  the  main  trunk,  so  that  there  may  be 
most  embarrassing  bleeding  from  a  wound  of  these  branches  before  the 
main  trunk  is  reached.  The  ligature  should  be  passed  as  far  inside 
the  pelvis  as  possible,  always  at  least  under  cover  of  the  edge  of  the  great 
sacro-sciatic  foramen.  Aneurysm  needles  with  various  curves  will  prob- 
ably be  required,  and  a  good  artificial  light  will  be  necessary,  especially 
in  fat  subjects. 

LIGATURE  OF  THE  SCIATIC  (INFERIOR  GLUTEAL) 

ARTERY 

Ligature  of  this  vessel  also  is  a  mere  dissecting-room  exercise.  In 
flie  living  subject  it  could  only  be  required  for  some  perforating  wound, 
in  which  case  obviously  the  wound  would  be  enlarged  and  the  bleeding 
spot  identified  and  secured. 

Anatomy.  The  artery,  together  with  the  internal  pudic,  escapes 
from  the  pelvis  through  the  great  sacro-sciatic  foramen  below  the  pyri- 
formis muscle,  between  it  and  the  gemelli.  It  ^ests  upon  the  obturator 
internus  and  passes  behind  the  internal  pudic  artery  so  as  to  reach  its 
outer  side,  and  is  superficial  or  posterior  both  to  the  great  and  small 
sciatic  nerves.  Its  point  of  exit  from  the  pelvis  corresponds  to  the  junc- 
tion of  the  lower  with  the  middle  third  of  a  line  drawn  from  the  posterior 
superior  iliac  spine  to  the  outer  part  of  the  tuber  ischii.  The  artery  not 
infrequently  comes  off  from  the  anterior  division  of  the  internal  iliac 
(hypogastric)  artery  in  common  with  the  internal  pudic. 
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Operation.  The  positions  of  the  patient  and  the  surgeon  are  the 
same  as  in  the  preceding  operation.  An  incision  four  inches  long  is  made 
in  the  direction  of  the  fibres  of  the  gluteus  maximus,  and  is  so  placed 
that  its  centre  corresponds  to  the  point  of  emergence  of  the  vessel  from 
the  pelvis  (z-ide  supra).  The  steps  of  the  operation  are  very  similar  to 
those  of  the  previous  one,  the  fibres  of  the  gluteus  maximus  being  sepa- 
rated as  before,  and  the  lower  border  of  the  pyriformis  being  identified 
after  the  whole  thickness  of  the  former  muscle  has  been  traversed.    The 


Fic.  192.  The  Sciatic  and  Internal  Pudic  Arteries.  Both  vessels  emerge 
beneath  the  lower  border  of  the  pyriformis  as  a  single  trunk.  The  internal  pudic 
nerve  is  seen  close  to  the  left-hand  retractor,  which  is  pulling  back  the  fibres  of 
the  gluteus  maximus.  The  sciatic  nerve  breaking  up  into  a  number  of  branches 
is  close  to  the  retractor  on  the  right-hand  side. 

artery  is  found  and  secured  between  the  lower  border  of  the  pyriformis 
and  the  gemelli  (see  Fig.  192). 

LIGATURE  OF  THE  INTERNAL  PUDIC  ARTERY 

Anatomy.  This  artery  leaves  the  pelvis  between  the  pyriformis 
and  the  coccygeus  muscles  along  with  the  sciatic  nerve.  After  leaving 
the  pelvis  the  artery  runs  downwards,  internal  to  the  sciatic,  over  the 
spine  of  the  ischium,  and  re-enters  the  pelvis  through  the  small  sacro- 
sciatic  foramen. 
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The  point  at  which  this  artery  crosses  the  ischial  spine  corresponds 
to  the  junction  of  the  inner  with  the  middle  third  of  a  line  drawn  from 
the  base  of  the  coccyx  to  the  top  of  the  great  trochanter  when  the  femur 
is  rotated  inwards.  This  may  help  to  locate  the  artery  in  cases  of 
difficulty. 

Operation.  The  positions  of  the  patient  and  the  surgeon  and  the 
incision  are  the  same  as  in  the  preceding  operation.  After  the  lower 
border  of  the  pyriformis  has  been  defined,  the  ischial  spine  is  identified 
and  the  artery  is  secured  as  it  passes  over  it  well  internal  to  the  position 
of  the  sciatic.  The  pudic  nerve  lies  internal  to  the  artery  and  should 
not  be  included  in  the  ligature  (see  Fig.  192) ;  the  nerve  to  the  obturator 
intemus  lies  to  its  outer  side. 

The  principal  difficulty  in  the  dead  subject  is  to  distinguish  the  artery 
from  the  sciatic,  especially  when  the  two  af ise  from  a  common  trunk. 


CHAPTER  IX 
LIGATURE  OF  THE  ABDOMINAL  AORTA 

Although  no  case  of  permanent  ligature  of  the  abdominal  aorta 
has  hitherto  been  successful,  it  cannot  be  said  with  justice  that  the 
operation  is  therefore  removed  from  the  sphere  of  practical  surgery. 
The  field  for  the  operation  must  always  remain  very  limited,  and  the 
number  of  those  who  will  have  the  courage  to  apply  a  ligature  in  such 
an  important  and  dangerous  region  will  be  probably  even  more  limited 
still.  It  is  possible,  too,  that  the  operation  itself  may  undergo  profound 
modification,  and  that  ligature  of  the  abdominal  aorta  in  the  true  sense 
of  the  term  may  disappear  from  operative  surgery  within  a  short  time, 
its  place  being  taken  either  by  the  application  of  some  form  of  tem- 
porary compression  or  by  Matas's  operation,  a  full  account  of  which  is 
given  on  p.  384. 

Indications.  There  is  practically  only  one  indication  for  this 
formidable  operation,  namely,  aneurysm  of  the  common  iliac  or  of  the 
aorta  itself.  In  iliac  aneurysm  ligature  of  the  abdominal  aorta  will  only 
be  done  when  the  aneurysm  extends  up  along  the  artery  as  far  as  the 
bifurcation  of  the  aorta,  and  Matas's  operation  is  impracticable.  With 
more  modern  methods  and  improved  aseptic  technique,  aneurysm  of  the 
common  iliac  trunk  should  be  amenable  to  less  heroic  measures  than 
ligature  of  the  aorta,  as,  owing  to  the  size  of  the  parts  and  their  com- 
parative accessibility  in  the  Trendelenburg  position  after  an  abdominal 
section,  it  seems  reasonable  to  suppose  that  Matas's  operation  should  be 
of  great  value  here.  The  large  size  of  the  vessel  will  render  possible  the 
'  reconstructive '  suture  in  fusiform  aneurysms  that  cannot  be  dealt  with 
by  the  '  restorative '  suture.  Hence  the  great  risk  of  ligation,  viz. 
gangrene,  may  possibly  be  minimized. 

In  aortic  aneurysm  the  operation  must  obviously  take  the  form  of 
proximal  ligature,  and  therefore  the  point  at  which  the  ligature  can  be 
applied  is  determined  by  anatomical  considerations.  It  will  be  impossible 
to  tie  the  artery  higher  up  than  the  root  of  the  mesentery,  which  corre- 
sponds roughly  to  the  origin  of  the  inferior  mesenteric  branch.  Above 
this  the  mesentery,  the  third  portion  of  the  duodenum,  and  the  renal 
vessels  effectually  preclude  any  possibility  of  the  application  of  a  ligature. 
It  is,  therefore,  only  an  aneurysm  between  the  origin  of  the  inferior 

469 
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mesenteric  artery  and  the  bifurcation  of  the  aorta  that  could  be  success- 
fully treated  by  proximal  ligature,  as  in  this  region  the  vessel  is  com- 
paratively accessible.  It  would  seem,  however,  to  one  who  has  never 
had  the  opportunity  of  dealing  with  the  condition,  that  it  should  be  less 
dangerous  as  well  as  less  difficult  to  control  the  circulation  on  each  side 
of  the  aneurysm  and  then  to  incise  the  sac  and  treat  it  according  to 
the  plan  suggested  by  Matas,  making  a  special  effort  to  preserve  the 
circulation  at  the  end  of  the  operation  by  the  use  of  the  '  reconstructive  ' 
suture/ 

The  real  difficulty,  however,  is  not  to  decide  which  is  the  best  method 
of  treatment,  for  that  will  depend  largely  upon  the  conditions  met  witli 
in  any  individual  case  and  will  probably  be  plainly  apparent  to  the  surgeon 
who  has  to  deal  with  such  a  case ;  it  is  to  say  whether  and  when  operative 
measures  are  called  for  in  the  treatment  of  abdominal  aneurysm.  Unfor- 
tunately no  one  possesses  experience  of  a  sufficiently  large  number  of 
cases  to  entitle  him  to  be  dogmatic  upon  such  an  important  subject. 
Aneurysm  of  the  abdominal  aorta  between  the  origin  of  the  inferior 
mesenteric  and  the  bifurcation  of  the  aorta  is  not  of  frequent  occurrence. 
The  majority  of  abdominal  aneurysms  occur  at  or  above  the  origin  of  the 
coeliac  axis  (see  Bryant,  Clinical  Journal,  1903).  The  prognosis  is 
gloomy  in  the  extreme ;  few  patients  live  more  than  eighteen  months  after 
development  of  the  aneurysm,  and  not  many  pass  the  first  year.  The 
disease  is  often  marked  by  great  pain,  and  the  enforced  rest  practically 
disables  the  patient  entirely.  Surgical  measures  undoubtedly  often  prove 
directly  fatal,  and  it  can  only  very  rarely  be  said  that  they  are  productive 
of  any  benefit  at  all. 

The  consideration  of  published  cases  leads  to  the  conclusion  that 
direct  operative  interference  with  the  main  artery,  such  as  by  ligature  of 
the  aorta  or  Matas's  operation,  will  be  called  for  in  the  rare  cases  in  which 

^  Abbe  {Annals  of  Surgery,  1908,  vol.  xlviii,  p.  10)  mentions  his  method  of 
treatment  of  abdominal  aneurysm  published  by  him  in  the  New  York  Medical 
Journal,  1894.  This  consists  in  clamping  the  aorta  above  and  below,  excising  the 
affected  area,  and  tying  into  the  gap  a  glass  tube  of  sufficient  calibre.  This  was 
done  in  a  cat,  and  four  months  afterwards  the  animal  was  shown  with  the  tube 
healed  firmly  in  her  aorta.  The  blood  flowed  through  it  for  days  until  the  tube 
excited  endarteritis.  He  makes  a  valuable  suggestion  that  in  cases  of  aneurysm  of 
the  aorta  it  may  be  possible  to  open  the  abdomen,  clamp  the  aorta  above  and 
below,  incise  the  sac,  fasten  in  a  glass  tube  through  the  aneurysmal  cavity,  and 
then  to  bring  the  aneurysmal  wall  together  by  Matas's  method  over  the  tube.  It 
is  undoubtedly  a  suggestion  worth  considering,  the  object  being  to  secure  gradual 
obliteration  of  the  aorta  and  thus  to  give  time  for  the  collateral  circulation  to 
become  established.  It  is,  however,  probable  that  Matas's  '  reconstructive '  suture 
(see  p.  390)  would  serve  the  same  purpose  without  the  necessity  of  having  to  sew 
into  the  aorta  a  foreign  body  that  was  to  remain  in  situ  indefinitely. 
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the  disease  is  diagnosed  early  and  the  tumour  is  small  and  circumscribed. 
Early  resort  to  exploratory  laparotomy  for  an  obscure  tumour  of  the 
abdomen  may  lead  to  this  happy  result,  and  under  these  circumstances 
better  results  may  be  hoped  for  from  direct  surgical  interference  in 
the  future  than  has  been  the  case  in  the  past.  On  the  other  hand,  the 
less  directly  operative  procedures,  such  as  Macewen's  acupuncture  treat- 
ment, or  the  introduction  of  wire  into  the  sac,  should  l^e  reserved  for  the 
cases  in  which  the  aneurysm  has  reached  such  a  size  that  its  boundaries 
are  no  longer  clear  and  it  has  become  so  matted  to  surrounding  parts 
that  direct  interference  with  the  main  artery  would  be  difficult  and  even 
hazardous.  If  either  of  the  methods  referred  to  be  employed,  they 
should  be  practised  after  a  laparotomy  has  been  done  to  expose  the  wall 
of  the  sac  so  that  the  needles  or  the  trocar  and  canula  can  be  thrust 
through  some  safe  spot  where  it  is  certain  they  will  not  transfix  the  intes- 
tinal wall  or  any  important  blood-vessel.  Both  Macewen's  acupuncture 
and  the  method  of  introducing  wire  into  the  sac  are  dealt  with  in  con- 
nexion with  aortic  aneurysm,  for  which  they  are  more  frequently  used. 

The  other  surgical  affection  that  usually  demands  ligature  of  a 
vessel,  namely  hcomorrhage,  does  not  call  for  the  application  of  a  ligature 
in  the  case  of  the  aorta.  Wounds  of  the  aorta  must  necessarily  be  rare, 
and  the  vast  majority  from  their  very  nature  must  prove  fatal  before 
any  surgical  measures  can  become  available.  There  are,  however,  a  few 
cases  which  may  be  satisfactorily  treated.  These  will  be  small  wounds 
and  will  chiefly  occur  in  the  course  of  operations ;  for  example,  the  renal 
artery  may  be  torn  from  the  aorta  at  its  origin.  Should  such  a  case 
occur,  it  could  be  dealt  with  satisfactorily  by  arteriorrhaphy.  The  cir- 
culation through  the  aorta  is  commanded  on  either  side  of  the  wound, 
which  is  then  sutured  in  the  appropriate  manner  (see  p.  379).  This 
treatment  has  the  advantage  that  it  is  not  only  simpler  but  it  preserves 
the  lumen  cf  the  artery  intact,  and  should  therefore  not  be  accompanied 
by  any  grave  danger  to  life. 

Operation.  Two  methods  are  always  described,  namely,  the  extra- 
peritoneal and  the  trans-peritoneal  methods.  In  the  present  state  of 
operative  surgery  it  would  seem  to  be  a  mere  waste  of  time  tj  describe 
the  extra-peritoneal  method,  which,  however  excellent  a  purpose  it  may 
have  served  in  the  past,  is  barbarous  and  unscientific  when  compared 
with  the  trans-peritoneal  operation. 

The  patient  should  undergo  a  preliminary  treatment  for  a  week  or 
more  destined  to  evacuate  the  bowels  thoroughly  and  to  keep  them 
empty,  as  distended  intestines  are  a  most  fruitful  source  of  inconven- 
ience during  the  operation;  the  rest  of  the  preparation  is  the  same  as 
for  an  ordinary  laparotomy.     The  incision  is  made  one  inch  to  the 
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left  of  the  middle  line  downwards  for  nearly  five  or  six  inches  from 
a  point  three  inches  above  the  umbilicus.  The  anterior  sheath  of  the 
rectus  is  divided  in  the  line  of  the  incision  and  the  inner  border  of  that 
muscle  is  defined  and  pulled  outwards  and  then  the  posterior  sheath  of 
the  rectus  and  the  peritoneum  are  opened.  The  patient  is  now  put 
in  the  Trendelenburg  position  and  the  intestines  are  packed  up  out  of 
the  way  with  suitable  sterilized  cloths.     Particular  care  must  be  taken 


Fig.  193.    Ligature  of  the  Abdominal  Aorta.    The  vessel  is  secured  just  above 
its  bifurcation  and  below  the  origin  of  the  inferior  mesenteric  artery. 

to  see  that  the  small  intestine  is  thrown  well  up  into  the  upper  part 
of  the  abdomen;  the  sigmoid  flexure  can  be  allowed  to  fall  into  the 
pelvis  out  of  the  way,  if  necessary.  The  artery  and  the  aneurysm  will 
be  thus  rendered  visible.  The  operator  defines  the  vessel  above  the  sac, 
and,  whatever  he  intends  to  do  subsequently,  proceeds  to  clear  the 
vessel  for  the  application  of  a  ligature.  The  peritoneum  and  the  sheath 
of  the  vessel  should  be  opened  separately  with  great  care  as  far  over 
to  the  left  side  as  possible,  and  the  most  difficult  step  of  the  operation, 
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namely  the  clearing  of  the  artery,  is  then  undertaken.  It  is  most 
important  to  avoid  including  the  aortic  plexus  of  the  sympathetic  in  the 
ligature.  The  clearing  of  the  vessel  must  be  done  with  the  greatest 
care  and  several  directors  or  aneurysm  needles  with  suitable  curves  must 
be  at  hand. 

When  the  vessel  has  been  cleared  satisfactorily  the  surgeon  applies 
either  a  permanent  or  a  temporary  ligature  (see  Fig.  193)  according  as 
he  is  going  to  make  use  of  ligation  in  continuity  or  Matas's  operation. 
In  the  former  case  the  ligature  should  certainly  consist  of  two,  or  pre- 
ferably of  four,  strands  of  soft  material,  such  as  floss  silk  or  even 
kangaroo  tendon,  each  ligature  being  drawn  tight  in  regular  order  so 
that  the  first  will  break  the  force  of  the  circulation  and  allow  the  second 
and  subsequent  ones,  which  are  applied  on  the  distal  side  of  the  first,  to 
approximate  the  wall  of  the  vessel  sufficiently  to  control  the  circulation 
through  it.  On  no  account  should  sufficient  force  be  exerted  to  rupture 
the  inner  coats,  and  it  will  be  well  to  make  use  of  the  *  stay-knot '  advo- 
cated by  Ballance  and  Edmunds  (see  p.  419).  If  four  ligatures  are 
used  it  is  a  good  plan  to  group  the  ligatures  into  two  sets,  tying  the 
second  loop  of  each  knot  with  two  ligatures  on  either  side  (see  Fig.  168). 
The  incision  into  the  peritoneum  is  sutured,  the  abdominal  cavity  is 
closed  in  the  usual  way,  and  the  patient  kept  in  the  Trendelenburg  posi- 
tion until  he  is  put  back  in  bed.  Every  precaution  must  be  taken  against 
shock  before,  during,  and  after  the  operation.  After  the  operation  the 
extremities  must  be  wrapped  up  in  cotton  wool  and  kept  elevated  on 
pillows  and  by  raising  the  foot  of  the  bed  on  blocks. 
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EXTREMITY 

CHAPTER  X 

LIGATURE  OF  THE  ARTERIES  OF  THE  HAND  AND 

FOREARM 

LIGATURE  OF  THE  RADIAL  ARTERY 

Indications,  (i)  Wounds,  These  are  frequently  met  with  in  any 
part  of  the  vessel.  The  best  plan  is  to  cut  down  directly  upon  the  bleed- 
ing spot  in  the  line  of  the  vessel,  making  use  of  the  original  wound,  and 
to  secure  the  cut  ends  with  ligatures. 

(ii)  Aneurysms,  These  may  be  either  of  the  traumatic— chiefly  met 
with  about  the  wrist — or  the  arterio-venous  variety;  the  latter  used  to 
be  frequently  met  with  about  the  bend  of  the  elbow  in  the  days  when 
venesection  was  in  vogue,  and  generally  affected  the  brachial  trunk. 
Aneurysms  of  the  radial  artery  are  not  likely  to  be  too  large  to  prevent 
them  from  being  excised  completely  after  the  circulation  in  the  limb  has 
been  commanded  by  an  Esmarch  bandage. 

(iii)  Wounds  of  the  palmar  arch.  In  order  to  check  bleeding  from 
this  cause,  the  radial  and  the  ulnar  arteries  have  been  ligatured  simul- 
taneously just  above  the  wrist  when  the  wounded  vessel  could  not  be 
found  after  enlarging  the  incision  in  the  palm.  It  is  hardly  likely  that 
this  treatment  would  be  followed  at  the  present  day,  however.  The 
circulation  in  the  limb  should  be  controlled,  the  wound  enlarged,  and 
the  bleeding  points  secured.  In  neglected  septic  cases,  however,  the 
artery  may  have  to  be  tied  if  secondary  haemorrhage  sets  in.  Most 
surgeons,  however,  prefer  to  tie  the  brachial  artery  at  the  bend  of  the 
elbow  if  they  cannot  secure  the  bleeding  points. 

Surgical  anatomy.  The  radial  artery  is  the  smaller  of  the  two 
terminal  divisions  of  the  brachial,  and  is  a  direct  continuation  of  it.  It 
extends  from  the  middle  of  the  front  of  the  elbow  to  the  back  of  the 
first  interosseous  space,  where  it  dips  down  to  join  the  deep  branch  of  the 
ulnar  artery.  Its  anatomical  line  is  drawn  from  the  centre  of  the  front 
of  the  bend  of  the  elbow  to  the  line  of  the  pulse,  namely,  just  external  to 
the  tendon  of  the  flexor  carpi  radialis  (see  Fig.  194). 

474 
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In  the  forearm  the  artery  lies  in  succession  upon  the  tendon  of  the 
biceps,  the  supinator  (brevis).  the  pronator  teres,  the  radial  portion  of 
the  flexor  digitorum  sublimis,  the  flexor  poUicis  longus,  the  pronator 
quadratus,  and  the  anterior  ligament  of  the  wrist-joint.  It  is  overlapped 
in  the  upper  part  of  its  course  by  the  anterior  margin  of  the  supinator 
longus  (brachio-radialis),  but  lower  down  it  becomes  subcutaneous.  On 
its  outer  side  is  the  supinator  longus  (brachio-radialis)  or  its  tendon 
throughout,  and  the  radial  nerve  in  the  middle  third;  elsewhere  in  its 
course  the  nerve  is  not  in  relation  with  the  artery.     On  the  inner  side 


Fig.  194.  Incisions  for  the  Radial  and  Ulnar  Arteries  on  the  Front 
OF  THE  Forearm.  The  three  upper  incisions  are  those  for  the  radial  artery,  and 
the  upper  pair  of  dots  are  placed  respectively  on  the  centre  of  the  ante-cubital 
fossa  and  the  pulse  at  the  wrist.  The  lower  two  incisions  are  for  ligature  of  the 
ulnar  artery,  the  lower  pair  of  dots  being  placed,  one  upon  the  tip  of  the  internal 
condyle  and  the  other  upon  the  pisiform  bone.  The  -I-  is  at  the  junction  of  the 
upper  with  the  middle  third  of  this  line  and  corresponds  to  the  point  at  which 
the  ulnar  artery  joins  it.  The  upper  third  of  the  ulnar  artery  is  denoted  by  a  line 
between  the  upper  right-hand  dot  and  the  -|-  with  a  slight  convexity  towards  the 
inner  side  of  the  forearm, 

lies  the  pronator  teres,  with  the  flexor  carpi  radialis  below.  There  are 
two  venae  comites,  one  on  each  side  of  the  artery. 

In  Us  course  from  the  front  of  the  forearm  to  the  back  of  the  wrist, 
the  radial  artery  lies  upon  the  external  lateral  (radial)  ligament  of  the 
wrist-joint,  the  scaphoid  (navicular),  the  trapezium  (great  multangular). 
and  the  base  of  the  first  metacarpal.  Superficial  to  it  are  the  tendons 
of  the  extensor  ossis  metacarpi  pollicis  (abductor  pollicis  longus),  the 
extensor  pollicis  brevis,  and  the  extensor  pollicis  longus.  Above  this  is 
the  fascia,  in  which  are  branches  of  the  radial  nerve  and  the  commence- 
ment of  the  radial  vein.  The  line  of  this  part  of  the  vessel  is  from  the 
tip  of  the  styloid  process  to  the  upper  end  of  the  first  metacarpal  space 
(see  Fig.  198). 

The  artery  may  be  tied  in  its  upper,  middle,  or  lower  thirds.     It  is 
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also  sometimes  tied  at  the  back  of  the  wrist  in  what  is  known  as  the 
'  anatomical  snuff-box  ' ;  this,  however,  is  only  a  dissecting-room  exercise. 

LIGATURE  IN  THE  UPPER  THIRD  OF  THE  FOREARM 
The  arm  is  fully  supinated  and  supported  at  right  angles  to  the  trunk 
upon  a  suitable  table  or  rest ;  the  surgeon  stands  on  the  outer  side  of 


Fig.  195.  The  Radial  Artery  in  the  Upper  Third  of  the  Fokearm.  The 
hook  pulls  back  the  supinator  longus  (brachio- radial  is)  and  the  superficial  radial 
vein.  The  muscle  on  the  inner  side  of  the  artery  is  the  pronator  (radii)  teres- 
The  radial  nerve  is  not  seen. 

the  limb.  An  incision  two  and  a  half  inches  long  is  made  along  the  line 
of  the  artery  (vide  supra)  in  the  upper  third  of  the  forearm.  A  few 
branches  of  the  radial  vein  are  divided,  and  the  deep  fascia  is  opened  up 
throughout  the  length  of  the  wound.    The  interval  between  the  supinator 
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longus  (brachio-radialis)  externally  and  the  pronator  teres  internally  is 
then  sought  for.  The  situation  of  this  interval  is  very  variable,  and 
depends  upon  the  muscular  development  of  the  limb;  it  is  best  found 
by  noting  the  direction  of  the  muscular  fibres,  those  from  the  supinator 
longus  (brachio-radialis)  passing  directly  down  the  forearm,  whilst  those 
of  the  pronator  pass  from  the  internal  condyle  obliquely  downwards 
and  outwards  to  the  radial  side.  When  the  interval  has  been  found, 
the  inner  margin  of  the  supinator  longus  (brachio-radialis)  is  defined, 


Fig.  196.  The  Radial  Arteky  in  the  Middle  Third  of  the  Forearm.  . 
The  right-hand  retractor  is  pulling  back  the  supinator  longus  (brachio-radialis), 
imniediately  internal  to  which  is  seen  the  radial  nerve  on  the  outer  side  of  the 
artery,  approaching  it  somewhat  obliquely  from  above.  The  artery  is  seen  with 
its  vena  comes  on  its  inner  side  lying  upon  the  insertion  of  the  pronator  (radii) 
teres. 

first  by  a  few  touches  of  the  point  of  the  knife  and  then  by  its  handle, 
and  the  muscle  is  pulled  outwards  with  a  retractor  and  the  artery  is  seen 
lying  beneath  it  (Fig.  195).  In  a  muscular  limb  the  wrist  and  elbow 
joints  will  need  to  be  flexed  in  order  to  facilitate  retraction  of  the  muscle 
and  access  to  the  artery.  The  ven«  comites  are  separated  from  the 
artery  if  possible,  but,  if  necessary,  may  be  taken  up  in  the  ligature; 
the  latter  is  usually  passed  from  without  inwards. 
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LIGATURE  IN  THE  MIDDLE  THIRD  OF  THE  POSEARH 

The  positions  of  the  limb  and  the  operator  are  the  same  as  before. 
The  incision  should  be  two  inches  long,  in  the  line  of  the  artery  (see 
p.  474),  and  its  centre  should  correspond  to  the  middle  of  the  fore- 
arm. After  the  deep  fascia  has  been  opened  up,  the  inner  margin  of 
the  supinator  longus  { brachio-radialis )  is  defined  as  before,  and  drawn 
well  outwards  with  a  retractor.  The  artery  lies  upon  the  insertion  of 
the  pronator  teres,  and  is  bound  down  to  it  by  a  special  fascia.     The 


Fic.  197.    The  Radial  Arteky  at  the  Wrist.    The  artery,  with  the  superfictalis 
vol^e  arising  from  it,  is  seen  between  its  venx  comites. 

(superficial)  radial  nerve  lies  close  to  its  outer  side  (see  Fig.  196),  and 
the  needle  should  therefore  be  passed  from  the  outer  side. 

LIGATURE  IN  THE  LOWER  THIRD  OF  THE  FOREARM 
Here  the  vessel  is  only  covered  by  the  skin  and  superficial  fascia. 

while  some  of  the  branches  of  the  superficial  radial  vein  and  a   few 

cutaneous  nerves  lie  over  it. 

The  p'lsitiun  of  the  limb  is  the  same  as  before  (see  p.  476),  and  the 

surgeun  makes  an  incision  half  an  inch  long  in  the  line  of  the  artery 
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(see  p.  474),  just  external  to  the  tendon  of  the  flexor  carpi  radialis.  Care 
must  be  taken  in  making  this  incision  to  go  very  lightly  through  the 
skin,  as  the  fascia  is  thin,  and  the  radial  artery  may  be  wounded  at  the 
first  cut  if  too  much  force  be  used.  When  the  deep  fascia  is  reached 
it  is  incised,  and  the  artery  at  once  comes  into  view  with  its  vena  comites 
(see  Fig.  197}:  these  are  separated  and  the  vessel  is  secured.  The 
(superficial)  radial  nerve  does  not  come  into  relation  with  the  artery, 


Fig.  198.  The  Line  of  the  Radial  Artery  in  the  Anatomical  Snuff- 
box  '.  The  tendons  of  the  extensors  of  the  wrist  are  well  shown.  A  dot  is 
placed  upon  the  styloid  process  of  the  radius. 

having  turned  beneath  the  supinator  longus  (brachio-radialis)  to  the 
back  of  the  wrist. 


LIGATURE  IN  THE  '  ANATOMICAL  SNUFF-BOX ' 
This  is  a  dissecting-room  operation.  The  hand  rests  upon  its  ulnar 
border,  and  the  thumb  is  held  by  an  assistant  in  a  position  of  full  abduc- 
tion. If  the  outline  of  the  tendons  can  be  made  out.  an  incision  three- 
quarters  of  an  inch  in  length  is  made  parallel  to  and  to  the  radial  side 
of  the  extensor  secundi  internodii  pollicis  (extensor  pollicis  brevis) 
tendon,  avoiding,  if  possible,  the  large  branch  of  the  superficial  radial 
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vein  which  crosses  the  snuff-box  somewhat  obliquely.  The  incision  is 
deepened  until  the  deep  fascia  is  reached,  and  this  is  divided  through- 
out the  full  length  of  the  wound  without  opening  the  tendon  sheaths ; 
they  should  be  pulled  apart  with  blunt  hooks  while  the  vessel  is  sought 
for.  The  artery  lies  in  some  fatty  tissue  close  upon  the  wrist-joint  and 
surrounded  by  its  venae  comites;  it  should  be  secured  just  before  it 
reaches  the  upper  end  of  the  first  metacarpal  space. 

If  the  outlines  of  the  tendons  cannot  be  made  out,  as  may  be  the 
case  in  the  dead  subject,  a  simple  plan  is  to  make  an  incision  along  the 
line  of  the  artery  from  the  styloid  process  of  the  radius  to  the  upper  end 
of  the  first  metacarpal  space  (see  Fig.  198).  This  incision  is  parallel  to 
the  vessel  throughout,  whereas  the  previous  incision  crosses  it  at  an 
angle.    The  steps  of  the  operation  are  the  same  as  above. 

LIGATURE  OF  THE  ULNAR  ARTERY 

Indications.    Similar  to  those  for  the  radial  artery  (see  p.  474). 

Surgical  anatomy.  The  ulnar  artery  is  the  larger  of  the  two 
branches  into  which  the  brachial  divides,  and  it  extends  from  the  mid- 
point of  the  ante-cubital  fossa  on  the  front  of  the  elbow,  opposite  the 
neck  of  the  radius,  to  the  palm  of  the  hand,  where  it  forms  the  superfi- 
cial palmar  arch. 

The  course  of  the  lower  two-thirds  of  the  artery  is  indicated  by  a 
line  drawn  from  the  back  of  the  internal  condyle  of  the  humerus  to  the 
radial  side  of  the  pisiform  bone.  The  upper  third  of  the  vessel  is  indi- 
cated by  a  curved  line  with  its  convexity  to  the  inner  or  ulnar  side, 
extending  from  the  mid-point  of  the  ante-cubital  fossa  to  the  junction 
of  the  middle  with  the  upper  third  of  the  first  line  (see  Fig.  194). 

Posteriorly  the  artery  rests  from  above  downwards  upon  the  lower 
part  of  the  brachialis  (anticus),  the  flexor  digitorum  profundus,  and 
the  deep  part  of  the  anterior  annular  (transverse  carpal)  ligament. 
Anteriorly  it  is  crossed  by  the  pronator  teres,  the  median  nerve — which  is 
separated  from  the  artery  by  the  deep  head  of  the  pronator — the  flexor 
digitorum  sublimis,  the  flexor  carpi  radialis,  and  the  palmaris  longus. 
In  the  middle  third  of  the  forearm  it  is  overlapped  by  the  anterior  border 
of  the  flexor  carpi  ulnaris,  and  lower  down  still  it  becomes  subcutaneous. 
Laterally  it  is  accompanied  by  venae  comites;  and  on  the  ulnar  or  inner 
side  lie  the  ulnar  nerve  and  the  flexor  carpi  ulnaris  in  the  lower  two- 
thirds.  On  the  radial  side  the  flexor  digitorum  sublimis  is  found  in  its 
lower  two-thirds. 

The  artery  is  usually  tied  either  just  above  the  wrist  or  in  themiddle 
of  the  forearm.    It  can  be  reached  in  its  upper  third,  but  here  it  is  very 
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deeply  placed,  and  it  would  only  be  exposed  for  a  wound  of  the  vessel,  in 
^vhich  case  the  existing  wound  would  be  enlarged. 

LIGATURE  IN  THE  LOWER  THIRD  OF  THE  FOREARM 
The  limb  is  fully  supinated  and  rests  on  a  suitable  support.  An  inci- 
sion half  an  inch  long  is  made  along  the  line  of  the  artery  (vide  supra) 
through  the  skin  and  deep  fascia;  this  should  extend  down  to  within  a 
quarter  of  an  inch  of  the  pisiform  bone,  and  should  lie  just  to  the  radial 
border  of  the  flexor  carpi  uinaris  tendon.     When  the  deep  fascia  has 


Fic.  199.  The  Ulnar  Artery  at  the  Wrist.  The  tendon  of  the  flexor 
carpi  uinaris  is  hooked  back,  and  the  artery  is  seen  lying  on  the  flexor  sublimis. 
The  nerve  is  to  its  inner  side  over  the  internal  vena  comes. 

been  opened,  the  artery  comes  into  view,  with  the  nerve  on  its  inner  or 
ulnar  side  (see  Fig.  199),  The  needle  should  be  passed  from  the  nerve, 
viz.  from  the  inner  side. 

LIGATURE  IN  THE  MIDDLE  OF  THE  FOREARM 

The  position  of  the  limb  is  the  same  as  before,  and  an  incision  is 
made  three  to  four  inches  in  length  with  its  centre  opposite  the  middle 
of  the  forearm  along  the  line  of  the  artery  (see  p.  480).  The  deep  fascia 
is  opened  throughout  the  whole  length  of  the  wound,  and  the  radial 
border  of  the  flexor  carpi  uinaris  is  sought  for.    There  is  often  a  well- 
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marked  intermuscular  septum  between  this  muscle  and  the  flexor  digi- 
torum  sublimis  which  may  contain  a  considerable  quantity  of  fat.  Into 
this  septum  the  handle  of  the  knife  is  sunk,  and  the  flexor  carpi  ulnaris 
is  pulled  gently  to  the  inner  side.  As  this  is  done,  the  elbow  and  the 
wrist  should  be  flexed  in  order  to  enable  the  muscle  to  be  drawn  well 
back  with  retractors.  The  artery,  with  the  nerve  on  its  inner  side,  is 
then  disclosed  lying  beneath  the  flexor  carpi  ulnaris  (see  Fig.  200).     It 


Fig.  200.    The  Ulnar  Artery  in  the  Middle  of  the  Forearm.    The  artery  lies 
deeply  under  the  flexor  carpi  ulnaris  with  the  nerve  to  its  inner  side. 

is  cleared,  and  the  needle  is  passed  from  the  inner  side.     The  nerve  is 
generally  seen  first  and  forms  the  guide  to  the  artery. 

Difiiculties  and  dangers.  This  operation  is  often  difficult,  espe- 
cially in  the  dead  subject,  where  the  pulsation  of  the  artery  cannot  be 
felt.  The  chief  difficulty  lies  in  identifying  the  outer  border  of  the  flexor 
carpi  ulnaris,  and  the  intermuscular  septum  between  it  and  the  flexor 
digitorum  sublimis.  In  a  well-developed  muscular  subject  this  septum 
may  be  some  distance  outside  the  line  of  the  artery,  and  this  fact  must 
be  remembered.  The  most  useful  guide  to  the  position  of  the  septum 
will  be  found  in  the  presence  of  small  intermuscular  vessels  which  arc 
always  found  in  it,  and  which,   when   followed  up,  will  lead  to  its 
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identification  and  to  the  artery.  The  septum  usually  mistaken  for  the 
one  in  question  is  that  between  the  flexor  carpi  ulnaris  and  the  extensor 
muscles.  This  mistake  is  only  likely  to  happen  when  the  line  of  the 
artery  has  been  taken  incorrectly,  and  the  incision  made  too  far  to  the 
ulnar  side  of  the  forearm.  If,  on  the  other  hand,  the  incision  be  made 
too  far  to  the  radial  side  of  the  artery,  the  septum  between  the  pal- 
maris  longus  and  the  flexor  sublimis  may  be  mistaken  for  the  one  in 
question. 

LIGATURE  IN  THE  UPPER  THIRD 

This,  as  already  said,  is  not  a  recognized  operation,  as  the  first  part 
of  the  artery  is  too  deeply  placed  to  be  easily  accessible;  as  a  rule  it  is 
only  undertaken  for  a  wound  of  the  vessel,  when  it  suffices  to  enlarge 
the  wound  and  to  find  the  seat  of  the  injury.  The  operation  is,  how- 
ever, sometimes  set  at  examinations,  and  it  will  then  be  found  easy  to 
secure  the  vessel  through  a  vertical  incision  about  three  inches  long, 
slightly  to  the  ulnar  side  of  the  middle  line,  and  having  its  centre  just 
above  the  upper  or  outer  border  of  the  pronator  teres,  which  may  be 
indicated  roughly  by  a  line  drawn  from  the  internal  condyle  to  the  middle 
of  the  radius.  When  the  deep  fascia  has  been  divided,  the  upper  border 
of  the  pronator  is  defined  and  pulled  downwards  with  a  retractor;  it 
is  easy  to  identify  this  muscle  from  the  direction  of  its  fibres,  which  run 
downwards  and  to  the  radial  side.  By  a  little  dissection  the  bifurcation 
of  the  brachial  artery  is  exposed,  and  the  ulnar  artery  is  then  traced 
downwards  to  the  point  at  which  it  is  desired  to  apply  the  ligature.  If 
there  be  any  doubt,  the  median  nerve,  which  crosses  the  ulnar  artery, 
will  form  a  useful  guide. 


CHAPTER  XI 

LIGATURE  OF  THE  ARTERIES  OF  THE  UPPER  ARM  AND 

AXILLA 

LIGATURE  OF  THE  BRACHIAL  ARTERY 

Indications,  (i)  Wounds  of  the  artery.  In  these  cases  the  wound 
will  be  enlarged  and  the  divided  ends  secured  by  ligature. 

(ii)  Wounds  of  the  palmar  arch.  If  the  bleeding  be  persistent  and 
cannot  be  stopped  by  the  application  of  firm  pressure,  ligature  of  the 
brachial  artery  may  be  necessary.  This  operation  is  more  satisfactory 
'  than  ligature  of  the  radial  and  ulnar  arteries  separately,  owing  to  the 
free  anastomosis  about  the  wrist ;  the  artery  should  be  tied  at  the  bend 
of  the  elb::^w.  It  will  probably  only  be  in  cases  of  secondary  haemorrhage 
from  a  septic  wound  that  this  will  be  required.  In  a  recent  wound  the 
parts  would 'be  made  aseptic,  the  circulation  controlled  by  an  Esmarch 
bandage,  the  wound  enlarged  and  the  bleeding  points  identified  and 
secured. 

(iii)  Aneurysm  either  traumatic  or  spontaneous  will  call  for  ligature 
of  the  vessel,  but  this  affection  is  not  common  nowadays.  Formerly 
an  arterio- venous  aneurysm  at  the  bend  of  the  elbow  was  a  common 
sequela  of  venesection. 

Surgical  anatomy.  The  brachial  is  the  direct  continuation  of  the 
axillary  artery,  and  extends  from  the  lower  border  of  the  teres  major  to 
the  middle  of  the  ante-cubital  fossa. 

Anteriorly  it  is  overlapped  by  the  inner  margin  of  the  biceps,  and  is 
crossed  about  its  centre  by  the  median  nerve,  which  passes  from  its  outer 
to  its  inner  side.*  The  median  (basilic)  vein  lies  immediately  over  the 
artery  at  the  bend  of  the  elbow,  being  separated  from  it  only  by  the  deep 
fascia  and  the  bicipital  fascia  (lacertus  fibrosus  of  the  biceps). 

Posteriorly  it  lies  upon  the  front  of  the  long  head  of  the  triceps,  upon 
the  internal  head  of  the  same  muscle,  and,  lower  down,  upon  the  insertion 
of  the  coraco-brachialis  and  the  origin  of  the  brachialis  (anticus)  muscles. 

The  musculo-spiral  (radial)  nerve  and  the  (superior)  profunda  artery 
separate  it  above  from  the  outer  head  of  the  triceps.  To  its  outer  side 
lie  the  coraco-brachialis  and  the  median  nerve  above  and  the  triceps 
below ;  to  its  inner  side  lie  the  median  nerve  below,  and  the  basilic  vein, 
the  internal  (medial  antebrachial)  cutaneous,  the  lesser  internal  (medial 
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brachial)  cutaneous,  and  the  ulnar  nerves  above.  It  has  two  vem  comites. 
The  course  of  the  artery  is  denoted  by  a  line  drawn  from  the  junction 
of  the  upper  with  the  middle  third  of  a  perpendicular  let  fall  from  the 
anterior  to  the  posterior  fold  of  the  axilla,  down  to  the  centre  of  the 
ante-cubital  fossa.    In  practice  the  line  made  use  of  is  that  corresponding 


Fic.  201.  Incision  for  Ligature  of  the  Braci[ial  Abtery  in  the  Middle 
OF  THE  Arm.  The  elbow  is  supported  by  an  assistant,  so  that  the  triceps  shall 
hang  free. 

to  the  inner  edge  of  the  biceps  muscle,  which  can  always  be  seen  even  in 
fat  subjects. 

The  artery  is  tied  either  in  the  centre  of  the  arm  or  in  front  of  the 
bend  of  the  elbow. 

LIGATURE  IN  THE  MIDDLE  OF  THE  ARM 

An  assistant  holds  the  arm  horizontal  and  at  right  angles  to  the  trunk 
(see  Fig.  201).    The  limb  may  be  supported  in  that  position  by  resting 
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the  tip  of  the  olecranon  on  a  sand-bag,  but  under  no  circumstances  should 
the  arm  rest  with  the  triceps  flat  upon  a  board  or  upon  the  table.  The 
surgeon,  who  will  find  it  most  convenient  to  sit  upon  a  stool  between 
the  trunk  and  the  limb,  makes  an  incision  two  and  a  haH  inches  long 
in  the  line  of  the  artery  and  over  the  inner  border  of  the  biceps  muscle; 
the  basilic  vein  must  be  avoided  should  it  lie  beneath  the  incision.  The 
deep  fascia  is  incised  throughout  the  length  of  the  wound  and  the  inner 


Fig.  202.  The  Brachial  Artery  in  the  Middle  of  the  Arm.  The  median 
nerve  is  hooked  up,  and  the  triceps,  with  the  lesser  internal  (medial  brachial) 
cutaneous  nerve,  is  hooked  downwards.     Just  below  the  artery  is  the  interna! 

(medial  antebrachial)  cutaneous  nerve. 

border  of  the  biceps  is  defined  and  drawn  outwards  and  upwards.  The 
finger  inserted  into  the  wound  will  feel  the  pulsation  of  the  artery  in 
the  living  subject,  or  the  hard  rounded  cord  formed  by  the  median 
nerve  in  the  cadaver.  The  latter  structure  is  defined  by  a  few  touches 
of  the  knife  and  raised  in  a  hook.  If  the  artery  be  exposed  exactly  a* 
the  centre  of  the  limb,  the  median  nerve  will  be  crossing  in  front  of  it. 
while  above  this  it  will  \ie  to  its  outer  and  below  it  to  its  inner  side. 
As  long  as  the  incision  is  not  below  the  centre  of  the  limb,  it  is  best  to 
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draw  the  median  nerve  outwards  or  upwards  in  a  retraclor ;  if  the  artery 
has  been  exposed  below  the  centre  of  the  arm  the  nerve  should  be  puHed 
inwards.  The  artery  is  thereby  exposed  with  its  yens  comites,  of  which 
the  lower  or  inner  one  is  generally  larger  than  its  fellow  (see  Fig.  202). 
The  artery  is  separated  from  the  veins,  its  sheath  is  opened  and  the  needle 
is  passed  from  without  inwards. 

Difficulties  and  dangers.     Although  this  artery  can  generally 


Fic.  203.  The  Brachial  Artery  at  the  Bend  of  the  Elbow.  The  bicipital 
fascia  has  been  divided  above,  exposing  the  artery  and  its  venae  comites.  On  its 
inner  (left-hand)  side  is  the  large  median  nerve. 

be  felt  through  the  skin  before  the  operation,  even  in  the  dead  subject, 
it  is  remarkable  how  many  mistakes  are  made  when  it  is  cut  down  upon, 
especially  in  the  dead  subject.  Even  in  the  living  subject  the  operation 
may  be  difficult  owing  to  feeble  pulsation  of  the  vessel.  The  most 
important  point  in  operating  is  to  keep  to  the  proper  line  of  the  vessel, 
namely,  the  inner  border  of  the  biceps  muscle.  For  this  reason  it  is 
most  important  that  the  triceps  should  hang  free;  if  it  be  displaced 
upwards,  the  incision  will  be  too  far  downwards  or  inwards,  and  the 
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basilic  vein  will  probably  be  wounded  and  the  ulnar  nerve  exposed  and 
mistaken  for  the  median.  The  chief  aid  to  successful  operation  is  finding 
the  median  nerve ;  when  this  has  been  done,  the  brachial  artery  can  ht 
identified  and  tied  without  disturbing  the  surrounding  structures,  but 
if  these  latter  be  dissected  out  separately  the  operator  soon  becomes 
confused  and  fails  to  identify  them.  Another  source  of  confusion  is 
that  the  brachial  artery  is  frequently  abnormal  in  its  distribution. 

LIGATURE  AT  THE  BEND  OF  THE  ELBOW 

The  limb  is  abducted  and  the  forearm  is  supinated  and  steadied  upon 
a  suitable  sand-bag  or  rest.  The  elbow  should  not  be  too  fully  extended; 
if  it  is,  the  artery  may  be  wounded  in  making  the  skin  incision,  as  it 
lies  close  to  the  surface  and  becomes  unduly  prominent  when  the  elbow 
is  over-extended.  The  surgeon  stands  on  the  outer  side  of  the  limb, 
and  feels  for  the  inner  border  of  the  biceps  tendon.  He  also  should 
render  the  median  basilic  vein  prominent  by  compressing  it  above  so 
that  it  may  not  be  cut  in  making  the  skin  incision,  which  should  be 
about  one  and  a  half  inches  long  and  parallel  to  and  over  the  inner 
border  of  the  biceps  tendon ;  its  upper  extremity  should  be  on  the  level  of 
the  tip  of  the  internal  condyle.  When  properly  planned  this  incision  will 
be  parallel  to  the  median  basilic  vein  and  to  its  outer  side.  The  thin 
fascia  in  the  front  of  the  elbow  is  divided  throughout  the  length  of  the 
wound,  and  then  the  bicipital  fascia  (lacertus  fibrosus  of  the  biceps), 
which  may  be  recognized  by  its  curved  fibres  running  downwards  and 
inwards,  is  divided  fully.  This  exposes  the  brachial  artery  and  its  \enx 
comites  ( see  Fig.  203 ) ;  as  a  rule  no  other  structure  comes  into  view. 
The  median  nerve  lies  nearly  half  an  inch  to  its  inner  side,  and  is  not 
actually  in  relation  with  the  vessel.  The  artery  should  be  separated  from 
its  venae  comites  and  the  needle  passed  from  the  inner  side. 

LIGATURE  OF  THE  AXILLARY  ARTERY 

Indications,  (i)  Wounds  of  the  artery.  These  are  not  uncom- 
mon; punctured  wounds  are  often  met  with  both  in  civil  and  military 
practice. 

(ii)  Brachial  aneurysm  situated  too  near  to  the  commencement  of  the 
brachial  artery  to  allow  that  vessel  to  be  tied. 

(iii)  Subclavian  aneurysm.  Ligature  of  the  axillary  is  occasionally 
done  as  the  distal  operation  for  an  aneurysm  of  the  subclavian  artery  in 
which  it  is  impossible  to  apply  a  ligature  on  the  proximal  side. 

(iv)  Occasionally  the  axillary  artery  has  to  be  ligatured  during 
removal  of  malignant  glands  from  the  axilla,  either  because  the  vessel  is 
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accidentally  wounded  or  because  the  sheath  of  the  artery  is  invaded  by 
the  growth. 

(v)  Very  rarely  ligature  may  be  required  for  rupture  of  the  axillary 
artery  following  attempts  to  reduce  a  long-standing  dislocation  of  the 
shoulder. 

(vi)  Ligature  of  the  axillary  forms  part  of  the  old  operation  for 
axillary  aneurysm,  by  incision  and  evacuation  of  the  contents  of  the  sac. 

Surgical  anatomy.  The  axillary  artery  extends  from  the  lower 
border  of  the  first  rib  to  the  lower  border  of  the  teres  major.  It  is 
usually  divided  into  three  parts;  as  a  rule  a  ligature  is  only  applied  to 
the  first  and  third  parts. 

The  line  of  the  artery  is  from  the  middle  of  the  clavicle  to  the  junc- 
tion of  the  upper  with  the  middle  third  of  a  perpendicular  let  fall  from 
the  anterior  to  the  posterior  fold  of  the  axilla  when  the  arm  is  abducted 
to  a  right  angle  with  the  trunk.  It  should  be  remembered  that  the  line 
of  the  vessel  varies  with  the  position  of  the  arm  and,  in  particular,  the 
relation  of  the  vein  to  the  artery  is  modified  thereby.  Thus,  when  the 
arm  is  drawn  down  to  the  side,  the  vein  lies  to  the  inner  side  of  and 
somewhat  below  the  artery,  but  when  the  arm  is  at  right  angles  to  the 
trunk  or  when  it  is  raised  above  the  head,  the  artery  is  completely  hidden 
by  the  vein,  which  then  lies  in  front  of  it.  The  vein  varies  greatly  in 
size  with  respiration. 

It  is  worth  noting  that  the  upper  border  of  the  pectoralis  minor  is 
on  a  level  with  the  outer  border  of  the  first  rib  and  that  therefore,  strictly 
speaking,  no  part  of  the  artery  is  above  this  muscle.  The  distinction, 
however,  is  convenient  as  indicating  that  the  artery  is  accessible  both 
above  and  below  this  structure. 

ReUHons  of  the  first  part  of  the  artery.  Behind,  the  vessel  lies  upon  the 
first  digitation  of  the  serratus  magnus  (anterior)  muscle,  the  first  in- 
tercostal space  with  its  contents,  and  the  posterior  or  long  thoracic 
nerve. 

In  the  front  are  the  costo-coracoid  membrane  (coraco-clavicular 
fascia),  which  separates  the  artery  from  the  cephalic  vein,  and  the  exter- 
nal anterior  thoracic  nerve  and  the  acromio-thoracic  (thoraco-acromial) 
vessels.  Superficial  to  these  are  the  clavicular  fibres  of  the  pectoralis 
major,  the  deep  fascia,  platysma,  and  the  descending  clavicular  branches 
of  the  cervical  plexus. 

Above,  and  to  the  outer  side,  are  the  cords  of  the  brachial  plexus. 

Below,  and  to  the  inner  side,  are  the  axillary  vein  and  the  internal 
anterior  thoracic  nerve. 

Relations  of  the  thira  part  of  the  artery.  Behind,  the  vessel  lies  upon 
the  lower  border  of  the  subscapularis,  the  latissimus  dorsi  and  the  teres 
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major  muscles.  The  circumflex  (axillary)  and  the  musculo-spiral 
(radial)  nerves  pass  behind  this  part  of  the  vessel. 

In  front,  the  artery  is  crossed  by  the  inner  head  of  the  median  nerve, 
and  above  it  is  covered  by  the  pectoralis  major  muscle,  the  lower  portion 
being  covered  only  by  the  skin  and  fascia  of  the  axilla. 

To  the  outer  side  are  the  median  and  the  musculo-cutaneous  nerves, 
and  the  coraco-brachialis  muscle. 

To  the  inner  side  lies  the  axillary  vein,  but  between  this  structure 
and  the  artery  there  intervene  the  ulnar  nerve  in  the  angle  behind,  and 
the  internal  cutaneous  (medial  antebrachial)  nerve  in  the  angle  in  front. 
The  lesser  internal  (brachial)  cutaneous  nerve  lies  internal  to  the  vein. 
The  brachial  venae  comites  unite  to  form  the  axillary  vein  at  the  lower 
border  of  the  subscapularis  muscle. 

LIGATURE  OF  THE  FIRST  PART 

This  operation  is  of  the  greatest  rarity  in  the  living  subject,  and  the 
depth  at  which  the  artery  is  situated  and  the  proximity  of  a  number 
of  important  branches  render  it  very  difficult  and  dangerous.  The 
surgeon  would  therefore  always  ligature  the  third  part  of  the  subclavian 
in  preference  to  the  first  part  of  the  axillary  if  he  has  the  choice.  It  is, 
however,  a  favourite  examination  operation  upon  the  dead  subject. 

The  operation  may  be  done  in  three  ways:  (i)  Through  a  curved 
incision  below  the  clavicle,  (ii)  Through  one  directly  over  the  line  of 
the  artery,  (iii)  Through  the  interval  between  the  deltoid  and  the 
clavicular  fibres  of  the  pectoralis  major.  Of  these  methods  the  first  is 
probably  the  best,  as  it  gives  ample  room  and  only  involves  division  of 
some  of  the  fibres  of  the  pectoralis  major.  Operations  upon  the  breast 
amply  demonstrate  that  so  small  a  damage  as  this  to  the  pectoralis  major 
is  of  no  material  consequence.  This  method  is  the  only  one  that  will 
be  described;  the  others  are  distinctly  inferior  to  it,  inasmuch  as  they  do 
not  furnish  such  easy  access  to  the  vessel. 

Operation.  The  thorax  is  slightly  raised  on  a  pillow  and  the  arm 
is  abducted  almost  to  a  right  angle  with  the  trunk  in  order  to  put  the 
fibres  of  the  pectoralis  major  on  the  stretch.  The  surgeon  stands  between 
the  body  and  the  limb,  and  makes  an  incision  extending  from  the  junc- 
tion of  the  middle  with  the  inner  third  of  the  clavicle  to  a  point  just 
outside  the  coracoid  process.  This  incision  should  have  a  gentle  con- 
vexity downwards.  It  is  usually  recommended  that  the  incision  should 
extend  from  the  sterno-clavicular  articulation,  but  this  is  unnecessary 
except  in  very  fat  people  or  cases  in  which  there  is  much  oedema,  as  most 
of  the  operation  is  performed  at  the  outer  end  of  the  wound,  and  such  a 
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long  incision  is  unnecessary.  The  skin,  superficial  fascia  and  platysma, 
with  the  supra-clavicular  branches  of  the  cervical  plexus,  are  divided. 
The  next  step  is  to  cut  through  the  clavicular  fibres  of  the  pectoralis 
major  exposed  in  the  wound  a  finger's  breadth  below  the  clavicle ;  this 
will  leave  enough  muscular  fibre  to  allow  of  the  cut  surfaces  being 
brought  together  at  the  end  of  the  operation.  Damage  to  the  cephalic 
vein  at  the  outer  end  of  the  wound  must  be  avoided,  and  the  acromio- 


FiG.  204.  The  First  Part  of  the  Axillary  Artery,  The  vessel  has  been 
exposed  by  the  incision  described  in  the  text.  The  retractor  pulls  down  the  pec- 
toralis minor  and  the  blunt  hook  depresses  the  vein  and  exposes  the  artery. 

thoracic  vessels,  which  serve  as  useful  guides  to  the  artery,  should  not 
be  injured;  the  wound  is  deepened  at  the  outer  end  of  the  incision  with 
great  care,  until  the  situation  of  these  structures  is  evident. 

When  ail  hemorrhage  has  Ijeen  stepped,  the  loose  cellular  tissue 
beneath  the  pectoralis  major  is  opened  up,  and  the  upper  or  inner  border 
of  the  pectoralis  minor  is  defined  and  pulled  downwards  with  a  broad 
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retractor.  This  exposes  the  costo-coracoid  membrane  (coraco-clavicular 
fascia),  which  should  be  divided  by  a  horizontal  incision  near  thecoracoid 
process ;  the  axillary  vein  which  bulges  up  into  the  wound  with  the  move- 
ments of  respiration  must  be  carefully  avoided  in  doing  this.  At  this 
stage  of  the  operation  it  will  be  well  to  bring  the  arm  to  the  side  and 


Fig.  205.  Incision  for  Ligature  of  the  Third  Part  of  the  Axillasv 
Artery.  The  upper  +  is  on  the  margin  of  the  anterior  fold  of  the  axilla,  the 
lower  one  on  the  posterior  fold. 

pull  down  the  shoulder  firmly;  this  draws  the  vein  away  from  the  front 
of  the  artery  and  improves  the  view. 

The  oi>erator  is  now  working  near  the  base  of  the  coracoid  process, 
and  will  find  it  advisable  to  use  an  electric  forehead-lamp  or  a  suitable 
head-mirror.  Large  reflecting  retractors  should  be  inserted  into  the 
wound,  which  requires  frequent  sponging,  as  there  is  often  troublesome 
oozing  from  numerous  small  vessels;  adrenalin  solution  (i  in  1,000) 
dropped  into  the  wound  will  be  helpful  in  checking  this.  The  finger 
introduced  into  the  wound  feels  the  artery  pulsating,  and  the  vein  can 
be  seen  expanding  and  contracting  with  respiration  and  hiding  the  artery. 
Above,  and  to  the  outer  side  of  the  artery,  and  somewhat  superficial  to  it, 
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lie  the  thick  cords  of  the  brachial  plexus,  which  can  hardly  be  mistaken 
even  in  the  dead  subject  (see  Fig,  204).  The  vein  and  the  plexus  are 
both  more  superficial  than  the  artery  and  together  hide  it  completely. 
The  vein  is  therefore  pushed  gently  downwai'ds  with  a  blunt  spatula, 
whilst  the  brachial  plexus  is  pulled  upwards  with  a  blunt  hook.  The 
sheath  of  the  artery  is  then  opened,  and  the  needle  insinuated  round  the 


Pre.  206.  The  Third  Part  of  the  Axillary  Artery.  The  median  nerve 
and  its  two  heads  are  seen,  also  the  internal  (medial  antebrachial)  cutaneous 
nerve  between  the  artery  and  vein.    The  ulnar  nerve  is  not  seen. 

vessel.  This  is  often  very  difficult,  as  the  artery  is  deep  down  at  the 
bottom  of  the  wound;  aneurysm  needles  with  varying  curves  should  be 
at  hand,  and  it  is  very  useful  to  have  a  flexible  one  which  can  be  bent  to 
any  desired  curve.  The  needle  is  best  passed  from  below  upwards,  i.e. 
between  the  artery  and  the  vein,  as  the  latter  structure  is  difficult  to  keep 
out  of  the  way  otherwise,  whilst  the  brachial  plexus  can  be  protected  from 
injury  by  the  tip  of  the  finger  or  a  fine  spatula.  The  acromio-thoracic 
(thoraco-acromial)  artery  must  be  preserved  from  injury  throughout  the 
operation. 
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LIGATURE  OF  THE  THIRD  PART 

This  operation  is  similar  to  ligature  of  the  brachial  artery;  indeed, 
at  examinations  the  ligature  is  often  applied  to  the  upper  part  of  the 
brachial  in  mistake  for  the  third  part  of  the  axillary.  The  positions  oi 
the  limb  and  of  the  surgeon  are  the  same  as  for  ligature  of  the  brachial 
(see  p.  485).  A  horizontal  incision  about  three  inches  long  is  made 
along  the  line  of  the  artery  at  the  junction  of  the  upper  with  the  middle 
third  of  the  perpendicular  let  fall  from  the  anterior  to  the  posterior  fold 
of  the  axilla ;  this  corresponds  to  the  inner  border  of  the  coraco-brachialis 
muscle  (see  Fig.  265).  After  the  deep  fascia  has  been  divided,  the  inner 
edge  of  the  coraco-brachialis  muscle  is  identified  and  drawn  upwards 
along  with  the  musculo-cutaneous  nerve.  The  artery  should  now  be  felt 
at  once  with  the  median  nerve  on  its  outer  side ;  the  latter  structure  should 
be  drawn  upwards  with  a  blunt  hook.  The  vein  is  seen  in  front  of  and 
below  the  artery,  and  is  gently  drawn  down  with  another  hook,  when 
the  ulnar  nerve  will  be  seen  between  the  two  (see  Fig.  206).  The  needle 
is  then  passed  round  the  artery  generally  from  below  upwards. 


CHAPTER  XII 
LIGATURE  OF  THE  ARTERIES  OF  THE  NECK 

LIGATURE  OF  THE  INNOMINATE  ARTERY 

This  operation  is  fraught  with  considerable  danger,  although  hitherto 
the  results  have  been  more  satisfactory  than  those  of  ligature  of  the 
first  part  of  the  subclavian.  The  chief  danger  in  each  case  is  death  from 
secondary  haemorrhage,  due  to  the  proximity  of  the  ligature  to  the  heart. 
Moreover,  this  particular  operation  is  beset  with  grave  anatomical  obsta- 
cles; the  deep  situation  of  the  vessel  and  the  number  and  importance 
of  the  structures  in  its  immediate  vicinity  are  calculated  to  tax  to  the 
utmost  the  skill  and  resource  of  even  the  boldest  operator.  When  the 
patient  is  spare,  and  there  is  only  slight  venous  engorgement,  the  opera- 
tion, if  performed  carefully  and  methodically,  does  not  present  any 
insuperable  difficulty;  on  the  other  hand,  should  the  opposite  conditions 
exist,  the  greatest  care  and  skill  may  be  unavailing,  and  the  patient  may 
either  die  of  haemorrhage  on  the  table  or  the  surgeon  may  be  forced  to 
abandon  the  operation. 

Indications.  The  operation  will  only  be  required  for  an  aneurysm 
involving  either  the  first  part  of  the  common  carotid  trunk,  or  the  first 
or  second  part  of  the  right  subclavian.  A  wound  of  such  an  important 
vessel  as  the  innominate  could  hardly  fail  to  prove  fatal  before  assistance 
could  be  obtained.  For  an  aortic  aneurysm  distal  ligature  of  the  carotid 
and  subclavian  would  be  done,  as  the  affection  would  be  almost  certain  to 
involve  the  root  of  the  innominate. 

Surgical  anatomy.  The  artery  extends  from  the  arch  of  the 
aorta  to  the  upper  limit  of  the  right  sterno-clavicular  articulation,  and 
is  nearly  two  inches -long.  It  runs  upwards,  forwards,  and  outwards  in 
the  superior  mediastinum.  Behind^  it  lies  upon  the  trachea  below  and 
the  right  pleura  above.  In  front,  the  left  innominate  vein  crosses  the 
artery  near  its  orign,  and  higher  up  it  is  separated  by  the  sterno-thyreoid 
muscle  from  the  sterno-hyoid  and  the  right  sterno-clavicular  joint.  The 
artery  is  overlapped  by  the  right  pleura,  in  front  of  which  are  the  remains 
of  the  thymus  and  the  manubrium  sterni.  It  is  also  crossed  obliquely 
by  the  inferior  thyreoid  veins.  On  the  right  of  the  artery  are  the  upper 
part  of  the  superior  vena  cava  and  the  right  innominate  vein,  the  right 
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vagus  and  the  pleura.  On  the  left  side  are  the  first  part  of  the  left 
common  carotid  and  some  of  the  inferior  thryreoid  veins  below,  and  the 
trachea  higher  up. 

Operation,  (a)  Through  a  \ -shaped  incision.  The  position  of 
the  patient  is  the  same  as  for  ligature  of  the  subclavian  (see  p.  503). 
The  surgeon  stands  on  the  right  side  facing  the  head  and  makes  an 
angular  incision,  one  limb  of  which  follows  the  inner  margin  of  the 
sterno-mastoid,  and  the  other  runs  horizontally  along  the  clavicle  on 
the  right  side;  each  limb  of  this  incision  is  about  three  inches  long.  The 
skin  and  fascia  forming  this  triangular  flap  are  dissected  up,  and  the 
origin  of  the  sterno-mastoid  is  exposed  and  divided  throughout  its  whole 
length  about  an  inch  above  the  clavicle,  so  as  to  enable  the  divided  ends 
to  be  sutured  together  at  the  end  of  the  operation.  The  anterior  jugular 
vein,  which  opens  into  the  external  jugular  just  before  the  junction 
of  the  latter  with  the  subclavian,  will  probably  require  ligature  and 
division.  Beneath  the  sterno-mastoid  are  the  sterno-hyoid  and  stemo- 
thyreoid  muscles.  The  sterno-hyoid  and,  if  necessary,  the  sterno-thyreoid 
are  drawn  aside  or  divided,  and  the  bifurcation  of  the  innominate  is 
thereby  exposed. 

Up  to  this  point  the  operation  is  fairly  easy,  but  in  proceeding  with 
its  further  steps  the  most  serious  difficulties  may  be  encountered.  Should 
the  patient  l^e  thin  and  the  innominate  of  full  length,  it  may  be  fairly 
easy  to  place  a  ligature  upon  its  trunk,  owing  to  the  comparatively  high 
level  of  the  bifurcation  in  the  neck.  Should  the  innominate  be  short, 
however,  the  bifurcation  may  be  well  down  behind  the  sterno-clavicular 
articulation,  and  it  will  be  impossible  to  pass  the  needle  below  it  with- 
out obtaining  more  room.  A  similar  difficulty  may  arise  if  the  patient 
be  very  fat  or  the  neck  short  and  thick.  In  these  very  embarrassing 
cases  it  is  now  the  rule  to  remove  the  upper  portion  of  the  sternum 
and  the  adjacent  sterno-clavicular  articulation.  This  is  an  excellent 
plan  which  only  prolongs  the  operation  by  a  few  minutes,  whilst  no 
important  structures  are  endangered,  and  the  after-results  are  good. 
In  order  to  carry  it  out,  the  soft  parts  should  be  carefully  peeled  off 
the  back  of  the  manubrium  sterni  with  a  periosteum  detacher,  and  then 
the  operator  removes  a  rectangular  portion  of  bone  from  the  centre 
of  the  sternal  notch  to  about  the  centre  of  the  sterno-clavicular  articula- 
tion with  a  suitable  chisel,  saw,  or  cutting-pliers.  There  is  no  objection 
to  removing  the  articular  end  of  the  clavicle  at  the  same  time  if  more 
room  is  desirable  (see  Fig.  207).  This  procedure  exposes  the  innomi- 
nate trunk  and  renders  it  accessible  to  ligature,  and  is  an  improvement 
strongly  to  l)e  recommended  whenever  the  surgeon  has  the  least  diffi- 
culty in  effecting  his  purpose  by  the  ordinary  method.     It  has  been 
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recommended  as  a  means  of  bringing  the  innominate  into  reach,  to 
pass  a  temporary  ligature  round  the  lower  end  of  the  common  carotid, 
and  to  pull  the  innominate  more  up  into  the  neck  by  traction  upon  this; 
this  is  a  dangerous  method,  however,  and  is  not  so  efficacious  as  removal 
of  the  bone. 

When  the  artery  has  been  exposed,  the  left  innominate  vein  must  be 


Fig,  207.     LiGATUKE  op  the  Innominate  Artery,    Parts  of  the  sternum  and 
the  clavicle  have  been  removed.    The  cut  muscles  are  seen,  also  the  i 
vein  to  the  left  and  in  front  of  the  bifurcation  of  the  artery. 


pushed  down  out  of  the  way  with  a  fine  flat,  broad  spatula,  so  that  the 
sheath  of  the  artery  can  be  opened  and  the  vessel  cleared.  It  is  always 
difficult  to  pass  the  needle  round  the  artery,  and  the  surgeon  should  be 
furnished  with  a  series  of  needles  with  different  curves  and  at  different 
angles.  The  needle  should  be  passed  from  the  outer  (or  right-hand) 
side,  and  the  ligature  should  be  a  double  one  of  floss  silk  tied  in  a  '  stay- 
knot  '  (see  p.  420),  and  only  drawn  tight  enough  to  cause  apposition  of 
the  arterial  walls  without  dividing  them. 
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The  divided  muscles  are  sutured,  and  the  skin  is  united  by  a  con- 
tinuous suture;  it  is  well,  however,  to  insert  a  small  drainage  tube 
for  forty-eight  hours  in  order  to  drain  the  large  cavity  left  after  the 
operation. 

(b)  Through  a  median  vertical  incision.  Mr.  Walter  Spencer  has 
suggested  the  employment  of  a  median  vertical  incision  for  ligature  of 
this  vessel,  on  the  ground  that,  as  no  muscles  are  divided,  the  parts  will 
fall  together  sufficiently  well  after  the  operation  to  obviate  the  necessity 
for  a  drainage  tube,  a  point  of  some  importance  considering  the  extreme 
danger  of  sepsis  as  a  cause  of  secondary  haemorrhage.  There  is  no 
doubt  that  the  parts  do  come  together  better  with  this  incision,  and 
therefore  the  need  for  drainage  is  not  so  great,  but  it  is  more  difficult 
to  get  at  the  innominate  through  this  incision,  and  it  may  be  necessary 
to  remove  bone  in  order  to  do  so  {vide  supra).  On  the  whole,  the  old 
angular  incision  probably  gives  more  satisfactory  access  than  the  median 
one.  At  the  present  time,  moreover,  the  risk  of  sepsis  is  so  slight  that 
it  can  no  longer  be  an  important  factor  in  determining  which  method 
'  should  be  employed. 

LIGATURE  OF  THE  SUBCLAVIAN  ARTERY 

Indications,  (i)  For  certain  cases  of  axillary  aneurysm.  The 
operation  will  take  the  form  of  proximal  ligature. 

(ii)  For  some  cases  of  innominate  or  aortic  aneurysm.  Here  the 
operation  will  take  the  form  of  distal  ligature. 

(iii)  For  a  few  cases  of  aneurysm  of  the  first  part  of  the  axillary 
artery  not  encroaching  upon  the  third  part  of  the  subclavian.  The 
operation  is  only  possible  when  the  aneurysm  is  small. 

(iv)  For  wounds  of  the  subclavian,  generally  stabs.  Operation  here 
is  rarely  of  avail,  as  the  patient  usually  dies  before  assistance  can  be 
obtained. 

(v)  As  a  preliminary  to  removal  of  the  entire  upper  extremity  (see 

p.  268). 

(vi)  To  secure  hccmostasis  in  amputations  of  the  upper  limb  or  in 
removal  of  large  growths  about  the  axilla  or  scapula.  In  these  cases  a 
temporary  ligature  only  will  l^e  used. 

Surgical  anatomy.  On  the  right  side  the  artery  commences  at 
the  bifurcation  of  the  innominate  artery  behind  the  right  sterno-clavicu- 
lar  articulation*.  On  the  left  side  it  arises  from  the  aorta  behind  the  lower 
part  of  the  manubrium  sterni.  The  left  subclavian  is,  therefore,  longer 
than  the  right,  measuring  nearly  four  inches  as  against  three,  and  lies 
both  at  the  base  of  the  posterior  triangle  and  in  the  upper  part  of  the 
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superior  mediastinum.  The  relations  of  the  second  and  third  parts  are 
similar  on  the  two  sides;  those  of  the  first  parts  differ  widely. 

Relations  of  the  first  part  of  the  right  sabctafoian.  Behind  the  artery  are 
the  recurrent  laryngeal  and  the  sympathetic  nerves  and  the  dome  of  the 
pleura.  Deeper  still  are  the  transverse  processes  of  the  last  cervical  and 
first  dorsal  vertebrae,  and  the  longus  colli  muscle. 

In  front  of  it  are  the  right  vagus,  the  phrenic,  and  branches  of  the 
sympathetic,  the  internal  jugular  and  the  vertebral  veins,  whilst  still 
more  superficially  are  the  sterno-hyoid  and  sterno-thyreoid  muscles,  the 
anterior  jugular  vein,  the  sternal  end  of  the  clavicle  and  its  ligaments, 
and  the  sterno-mastoid  muscles. 

Below,  the  recurrent  laryngeal  nerve  passes  between  the  artery  and 
the  top  of  the  pleura.  The  subclavian  vein  is  below  and  superficial  or 
anterior  tp  the  artery. 

Relations  of  the  first  part  of  fte  left  subclavian^  This  portion  is  almost 
vertical.  Behind  it  are  the  left  margin  of  the  oesophagus,  the  thoracic 
duct,  the  inferior  cervical  ganglion,  and  the  longus  colli  muscle. 

In  front,  and  to  the  right  of  the  artery,  lie  the  left  vagus  and  its 
inferior  cardiac  branch,  the  superior  cardiac  branch  of  the  sympathetic, 
the  phrenic,  and  the  left  common  carotid  artery.  The  left  innominate 
vein  crosses  it  obliquely  below,  as  do  also  the  internal  jugular,  vertebral, 
and  subclavian  vein?  above.  The  left  vagus  runs  down  the  inner  side  of 
the  artery  but  crosses  its  anterior  surface  below.  Its  left  side  is  over- 
lapped to  some  extent  by  the  left  lung  and  pleura,  the  sterno-hyoid, 
sterno-thyreoid,  and  sterno-mastoid  muscles.  Internal  to  it  are  the 
thoracic  duct,  the  oesophagus,  the  left  recurrent  laryngeal  nerve,  and  the 
trachea.    External  to  it  is  the  left  pleura. 

Relations  of  the  second  and  third  parts  of  the  artery.  These  portions 
of  the  artery  lie  at  the  root  of  the  neck  reaching  outwards  over  the  top 
of  the  lung,  and  passing  behind  the  scalenus  anticus  (anterior)  niuscle. 
The  second  part  of  the  artery  lies  entirely  behind  the  scalenus,  whilst  the 
third  part  extends  from  the  outer  border  of  that  muscle  to  the  outer 
border  of  the  first  rib. 

Behind  and  below,  the  second  part  of  the  artery  is  in  close  apposition 
to  the  pleura,  while  the  third  part  of  the  artery  rests  upon  the  upper 
surface  of  the  first  rib.  In  front,  the  second  part  is  covered  by  the 
scalenus  anticus  (anterior)  and  the  sterno-mastoid  muscles,  the  former 
of  which  separates  it  from  the  subclavian  vein  (which  lies  on  a  slightly 
lower  level),  from  the  transverse  cervical  and  suprascapular  (transverse 
scapular)  arteries,  from  the  anterior  jugular  vein,  and,  on  the  right  side, 
from  the  phrenic  nerve.  In  front  of  the  third  part  and  on  a  slightly  lower 
level  lies  the  subclavian  vein,  to  join  which  the  external  jugular  crosses 
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the  artery  towards  its  inner  end  and  there  receives  the  transverse  cervical 
and  suprascapular  (transverse  scapular)  veins,  which  are,  therefore, 
superficial  to  the  artery.  The  nerve  to  the  subclavius  muscle  crosses  the 
artery,  and,  with  the  clavicle,  is  also  an  anterior  relation  of  the  vessel: 
the  artery  is  also  covered  by  the  deep  cervical  fascia,  the  clavicular 
branches  of  the  descending  cervical  nerves,  the  platysma  and  the  skin. 
Above,  and  to  the  other  side  of  the  artery,  lies  the  lowest  cord  of  the 
brachial  plexus. 

The  first  part  of  the  artery  is  but  rarely  tied,  the  operation  having 
proved  almost  uniformly  fatal.  It  would  appear  that  the  fatality  of 
the  operation  is  not  likely  to  be  greatly  diminished  in  the  immediate 
future,  as  death  usually  takes  place  from  secondary  haemorrhage  due  to 
giving  way  of  the  coats  of  the  vessel  even  in  an  aseptic  wound.  The 
operation  will,  however,  be  described,  as  it  is  not  infrequently  set  for 
examination  purposes. 

The  operation  for  ligature  of  the  third  part  of  the  subclavian  is  the 
one  usually  performed.  The  second  part  of  the  artery  is  practically  never 
tied,  except  in  some  few  cases  where  after  exposure  the  third  portion 
has  been  found  involved  in  the  aneurysm,  so  that  the  vessel  has  to  be 
traced  further  up,  and  the  ligature  applied  to  the  second  part. 

LIGATURE  OF  THE  FIRST  PART  OF  THE  RIGHT  SUBCLAVIAN 

This  operation  is  not  only  difficult  to  perform,  but  it  has  hitherto 
been  followed  with  indifferent  success.  It  is  difficult  to  say  how  much 
better  results  may  be  looked  for  in  the  future,  owing  to  the  improvements 
in  wound-treatment  and  the  use  of  non-irritating  ligatures,  but  it  seems 
certain  that  there  must  always  be  a  serious  risk  of  secondary  haemor- 
rhage, owing  to  the  proximity  of  the  seat  of  ligature  to  the  heart,  and 
the  great  force  which  the  walls  of  the  vessel  have  to  withstand,  and 
which  they  are  so  often  unable  to  bear  when  damaged  by  the  ligature. 
The  operation  is  never  attempted  upon  the  left  side,  except  as  a  dissecting- 
room  exercise,  but  it  is  feasible  upon  the  right  side,  and  in  that  situation 
must  be  looked  upon  as  a  recognized  operation  notwithstanding  the 
condemnation  passed  upon  it  by  writers  reviewing  results  due,  to  a  large 
extent,  to  faulty  technique. 

Blake  (Annals  of  Surgery,  1906,  vol.  xliii,  p.  919)  gives  the  notes  of 
a  very  interesting  case  of  an  aneurysm  of  the  second  and  third  parts 
of  the  right  subclavian  successfully  treated  by  combined  ligature  of 
the  first  part  of  the  subclavian  artery  and  the  first  part  of  the  axillary. 
The  first  part  of  the  sulxrlavian  was  exposed  by  the  method  detailed 
below  (see  p.  501),  and  a  ligature  was  successfully  applied  to  it.    The 
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wound  healed  perfectly,  but  the  pulsation  never  completely  ceased  in 
the  aneurysm  and  began  to  get  worse,  so  that  a  month  later  the  first 
part  of  the  axillary  was  exposed  by  an  incision  between  the  deltoid  and 
pectoralis  fibres,  and  a  ligature  applied  to  it  as  near  the  subclavian  as 
possible;  this  resulted  in  complete  cure  of  the  aneurysm.  When  the 
number  and  size  of  the  branches  given  off  by  the  first  and  second  portions 
of  the  artery  are  considered,  and  the  freedom  with  which  they  anasto- 
mose, this  would  appear  to  be  the  only  rational  method  from  which  to 
expect  a  permanent  cure  of  an  aneurysm  in  this  situation.  The  risk  to 
the  circulation  in  the  upper  extremity  is  very  slight  indeed,  and  if  the 
treatment  be  undertaken  in  two  stages,  as  in  this  case,  no  harm  is  likely 
to  happen;  indeed  it  is  questionable  if  gangrene  would  ever  be  likely  to 
occur  provided  that  the  wound  were  kept  aseptic. 

Pack  (ibid.,  p.  930)  recorded  a  similar  operation  for  the  cure  of 
traumatic  aneurysm  of  the  thyreoid  axis.  This  also  was  successful,  and 
only  differed  from  the  preceding  case  in  that  the  second  ligature,  instead 
of  being  placed  at  the  junction  of  the  axillary  wath  the  subclavian,  was 
placed  on  the  latter  vessel  just  external  to  the  scalenus  anticus. 

The  mortality  of  this  operation  is  said  by  Lilienthal  (Annals  of 
Surgery,  1906,  vol.  xliii,  p.  921)  to  have  fallen  since  1890  from  755^  to 
i6j^.  No  doubt  some  part  of  this  diminution  is  due  to  improved  aseptic 
methods,  but  there  is  little  doubt  in  the  minds  of  most  observers  that  it  is 
also  partly  due  to  the  absence  of  secondary  haemorrhage  from  direct 
irritation  of  the  ligature  as  a  result  of  the  use  of  approximation  liga- 
tures; the  adoption  of  the  *  stay-knot '  of  Ballance  and  Edmunds  (see 
p.  419)  has  to  some  extent  contributed  to  this  result. 

Indications.  These  will  be  practically  identical  with  those  for 
ligature  of  the  third  part. 

Operation.  The  positions  of  the  patient  and  the  surgeon  are  the 
same  as  for  ligature  of  the  innominate.  The  surgeon  has  the  choice  of 
two  incisions  for  exposure  of  the  vessel : — 

(a)  An  oblique  incision  about  four  inches  long  parallel  to  and  about 
half  an  inch  external  to  the  anterior  margin  of  the  ster no-mast oid,  and 
extending  well  down  on  to  the  clavicle.  As  this  incision  is  deepened, 
the  interval  between  the  two  heads  of  the  sterno-mastoid  is  reached, 
and  this  is  enlarged  upwards  by  splitting  the  fibres  of  the  muscle  so  as 
to  enable  the  two  heads  of  the  muscle  to  be  sufficiently  retracted  to 
opposite  sides  to  give  proper  access  to  the  vessel.  The  remaining  steps 
of  the  operation  are  the  same  as  in  the  A  shaped  incision  (vide  infra). 

This  oblique  incision  possesses  the  advantage  that  the  parts  fall 
together  well  after  the  operation,  and  leave  no  large  cavity  requiring 
drainage — an  important  consideration  in  these  cases.     It  has  the  dis- 


S02  OPERATIONS  UPON  ARTERIES 

advantage,  however,  that  it  hardly  gives  enough  room,  except  in  thin 
subjects  in  whom  the  sterno-niastoid  is  comparatively  small;  it  should 
therefore  be  reserved  for  them. 

(6)  An  ^-shaped  incision  is  the  more  usual  one;  one  limb  lies  over 
the  anterior  margin  of  the  sterno-mastoid,  and  the  other  horizontally 
along  the  clavicle.  The  triangular  flap  thus  formed  is  dissected  up,  and 
the  sterno-mastoid  is  divided  horizontally  about  half  an  inch  above  its 
origin  so  as  to  leave  enough  of  the  latter  for  the  fibres  to  be  reunited  at 
the  end  of  the  operation.  In  doing  this  the  anterior  jugular  vein  will 
probably  be  divided.  The  sterno-thyreoid  muscle  covers  the  artery  and 
must  either  be  pulled  aside  or  divided,  and,  if  necessary,  a  portion  of 
the  outer  edge  of  the  sterno-hyoid  must  be  similarly  treated.  This 
brings  the  great  vessels  of  the  neck  into  view,  and  the  bifurcation  of  the 
innominate  can  be  detected  by  the  finger. 

The  chief  sources  of  difficulty  met  with  at  this  stage  are  the  large 
venous  trunks  in  front  of  the  artery,  which  vary  in  size  with  respiration, 
and  seriously  impede  the  operation.  They  should  be  cautiously  peeled 
down  and  pushed  out  of  the  way,  a  few  light  touches  with  the  point  of 
a  sharp  knife  being  required  "to  loosen  the  delicate  cellular  tissue  which 
connects  them  to  the  arteries.  They  are  then  held  down  out  of  the  way 
by  a  fine  thin  narrow  spatiila,  and  the  sheath  of  the  innominate  artery 
is  opened  quite  close  to  its  bifurcation.  The  subclavian  is  then  traced 
from  this  point  outwards  beyond  the  bifurcation,  and  the  needle  is 
insinuated  round  it  from  below  upwards,  as  in  that  way  the  vein  and 
the  pleura  are  best  avoided.  During  this  procedure  the  termination  of 
the  internal  jugular  vein  will  have  to  be  pulled  to  the  outer  side  with 
the  finger  or  a  small  spatula;  with  it  should  go  the  vagus. 

It  is  usually  recommended  that  the  vertebral  should  be  tied  (see 
p.  518)  simultaneously  with  the  first  part  of  the  subclavian.  At  this 
stage  of  the  operation  it  is  somewhat  less  difficult  than  under  ordinary 
circumstances,  owing  to  the  free  exposure  of  the  parts,  but  it  would  be 
impossible  if  the  operation  were  being  done  for  aneurysm  of  the  second 
part  of  the  subclavian.  A  point  that  must  not  be  forgotten  is  that  the 
subclavian  comes  oflf  at  a  very  acute  angle,  and  not  almost  horizontally 
as  one  would  suppose.  It  ascends  almost  vertically  from  behind  the 
carotid,  and  the  angle  between  these  two  arteries  is  quite  small. 

Perusal  of  the  cases  quoted  by  Blake  and  Pack  (loc,  cit.)  makes  one 
consider  seriously  the  question  of  applying  a  ligature  simultaneously  to 
the  third  part  of  the  subclavian,  or  the  first  part  of  the  axillary  in  cases 
of  aneurysm  of  the  second  or  third  part  of  the  artery. 
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LIGATURE  OF  THE  THIRD  PART 
Operation.  A  pillow  is  placed  beneath  the  shoulder  on  the  affected 
side,  the  head  is  turned  to  the  opposite  side,  the  neck  moderately  extended, 
and  the  arm  drawn  firmly  downwards  so  as  to  depress  the  clavicle  and 
thus  open  up  the  posterior  triangle  as  much  as  possible.  The  surgeon 
stands  on  the  affected  side  facing  the  patient,  and,  drawing  down  the 
skin  over  the  clavicle  with  his  left  hand  as  far  as  it  will  come,  makes  an 


Fig.  208.  Ligature  of  the  Third  Part  ok  the  Subclavian,  The  artery 
and  its  branches,  which  in  this  case  arise  from  the  beginning  of  the  third  part 
instead  of  the  second,  as  is  usually  the  case,  are  seen  below  the  last  cord  of  the 
plexus.  The  subclavian  vein  is  receiving  the  external  jugular;  both  were  unduly 
large  in  the  subject  from  which  the  drawing  was  made. 

incision  three  inches  in  length  down  to  that  bone  between  the  adjacent 
margins  of  the  sterno-mastoid  and  the  trapezius  muscles.  The  skin  is 
pulled  down  in  order  to  avoid  injury  to  the  external  jugular  vein,  which 
pierces  the  deep  fascia  immediately  above  the  clavicle;  as  this  spot  is 
fixed,  it  is  impossible  to  draw  it  down  with  the  skin,  and  therefore  the 
vein  cannot  be  injured  in  the  first  incision.  After  the  skin  has  been 
allowed  to  retract,  the  incision  crosses  the  root  of  the  posterior  triangle 
transversely  a  little  more  than  an  inch  above  the  clavicle. 

The  position  of  the  external  jugular  vein  is  now  defined,  the  deep 
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fascia  is  opened  up  throughout  the  length  of  the  incision,  and  a  little 
dissection  reveals  the  posterior  belly  of  the  omo-hyoid  muscle,  the  lower 
margin  of  which  is  defined  and  drawn  up  with  a  retractor.  The  base 
of  the  posterior  triangle  is  thus  displayed,  and  the  finger  introduced 
into  it  will  at  once  feel  the  cords  of  the  brachial  plexus,  which  run  frcwn 
above  obliquely  downwards  and  outwards;  they  are  the  best  guide  to 
the  artery.  The  outer  border  of  the  anterior  scalene  and  the  scalene 
tubercle,  which  are  mentioned  by  most  writers  as  the  best  guides  to  the 
artery,  are  often  wholly  unreliable.  In  the  dead  subject,  at  any  rate,  it 
may  be  difficult  to  identify  the  outer  border  of  the  scalene  muscle,  and 
equally  difficult  to  identify  the  tubercle,  while  the  cords  of  the  plexus 
can  never  be  mistaken,  at  any  rate  when  the  posterior  triangle  has  been 
well  opened  up.  There  is  often  considerable  oozing  from  the  numerous 
veins  in  the  posterior  triangle ;  these  should  be  tied  as  they  are  injured, 
but  it  is  important  to  avoid  injuring  the  corresponding  arteries;  the 
latter  run  nearly  parallel  with  the  main  vessel,  and  so  it  is  easy  to  avoid 
injuring  them. 

When  the  lowest  cord  of  the  plexus  has  been  identified  by  clearing  it 
with  a  few  light  touches  of  the  knife,  it  is  hooked  up  out  of  the  way.  The 
artery  lies  parallel  with  it,  below  it  and  on  a  slightly  deeper  plane.  As 
a  rule  the  vein  does  not  come  into  view  unless  respiration  be  obstructed, 
as  it  lies  below  the  artery  and  is  separated  from  it  by  the  scalenus  anticus 
(anterior)  muscle.  When  the  artery  has  been  identified,  its  sheath  is 
opened  and  the  vessel  cleared,  particular  care  being  taken  to  avoid  punc- 
turing the  pleura,  which  lies  below  the  artery.  It  will  be  found  safest  to 
pass  the  needle  from  below  upwards,  so  as  to  avoid  damage  to  the  pleura 
and  the  vein ;  it  is  easy  to  avoid  including  the  lowest  cord  of  the  plexus 
in  the  ligature  by  pressing  it  back  out  of  the  way  with  the  finger,  or  with 
a  dissector.  The  ligature  should  be  made  to  approximate  the  coats  of 
the  artery  and  not  to  divide  them.  The  wound  is  sutured  without  a 
drainage  tube,  and  the  arm  is  fastened  to  the  side  for  a  week  or  ten  days. 

Difficulties  and  dangers.  These  should  be  few  if  the  above 
recommendations  be  followed.  The  principal  difficulty  will  occur  from 
the  matting  together  of  the  tissues  in  the  posterior  triangle  when  the  sac 
of  the  aneurysm  encroaches  upon  it.  This  is  likely  to  cause  troublesome 
oozing,  which  is  best  dealt  with  by  tying  each  bleeding  point  as  it  is  met 
with,  and  by  not  using  I:)lunt  dissectors  or  any  tearing  instruments,  as 
they  only  cause  infiltration  of  the  areolar  tissue  with  blood,  and  obscure 
the  view.  The  artery  is  easy  to  find  if  the  brachial  plexus  be  taken  as 
a  guide.  This  prominent  structure  can  be  actually  felt  through  the  skin 
in  a  thin  subject,  and  can  hardly  be  mistaken  when  the  posterior  triangle 
has  been  opened  up.    The  chief  difficulty  in  the  operation  lies  in  clearing 
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the  artery  and  in  passing  the  needle  without  damaging  the  pleura.  This 
can  only  be  avoided  by  care  and  gentleness,  pulling  down  the  shoulder 
as  far  as  it  will  go,  and  using  needles  of  different  curves. 
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Indications,  (i)  For  wounds  of  the  z^essel  itself.  These  will  be 
chiefly  stabs  or  gunshot  wounds.  When  the  artery  is  damaged  in  cut- 
throat, death  usually  occurs  before  assistance  can  be  obtained. 

(ii)  For  aneurysm  of  the  carotid  trunk  or  its  main  branches.  This 
affection  is  more  frequent  in  the  common  trunk  than  in  either  of  its 
terminal  branches.  The  ligature  will  be  applied  on  the  proximal  side  of 
the  aneurysm,  and  if  it  be  applied  for  aneurysm  of  the  common  trunk  the 
external  carotid  may  be  ligatured  simultaneously  (see  p.  513)  in  order  to 
prevent  recurrence  of  the  pulsation  through  this  freely  anastomosing 
vessel. 

(iii)  For  aneurysm  of  the  innominate  or  the  aorta.  Here  the  distal 
operation  is  performed,  and,  as  a  rule,  the  subclavian  artery  will  be  tied 
simultaneously. 

(iv)  For  aneurysm  of  the  orbit.  The  operation  has  been  performed 
several  times  for  this  condition,  and  has  succeeded  in  some  instances ;  it 
is  by  no  means  invariably  successful,  however. 

(v)  A  temporary  ligature  is  not  infrequently  passed  around  the  com- 
mon carotid  trunk  to  control  the  bleeding  during  removal  of  large 
tumours  from  the  side  of  the  head  or  face,  or  during  removal  of  very 
vascular  tumours  of  the  jaws.  A  better  plan  is  to  apply  the  compression 
to  the  external  carotid  only.  Instead  of  a  ligature,  Crile's  artery  com- 
pressors may  be  used  (see  p.  379). 

(vi)  The  common  carotid  has  also  been  tied  for  the  control  of 
haemorrhage  due  to  various  conditions,  such  as  cancer  of  the  tongue  or 
face,  profuse  bleeding  after  removal  of  the  tonsil  or  the  opening  of  a 
tonsillar  abscess;  but  a  better  plan  is  to  tie  the  external  carotid  trunk 
either  on  one  or  both  sides,  as  the  cerebral  symptoms  due  to  the  scanty 
blood-supply  via  the  internal  carotid  are  not  then  met  with.  The  same 
remark  applies  to  ligature  of  the  common  carotid  when  performed  for 
the  cure  of  aneurysm  by  anastomosis. 

Surgical  anatomy.  The  right  common  carotid  artery  extends 
from  the  right  sterno-clavicular  articulation  to  the  level  of  the  upper 
border  of  the  thyreoid  cartilage,  w^here  it  divides  into  its  external  and 
internal  branches.  The  left  trunk  arises  from  the  arch  of  the  aorta,  but 
terminates  at  a  similar  point  and  is  therefore  longer  than  its  fellow. 
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The  relations  of  the  two  in  the  neck  are  similar;  the  left  common  carotid 
has  intra-thoracic  relations  in  addition. 

Relations  of  the  left  common  carotid  in  the  thorax^  The  intra-thoracic 
part  of  this  artery  measures  from  one  to  one  and  a  half  inches  in  length, 
and  passes  upwards  and  slightly  outwards  through  the  superior  medias- 
tinum on  a  plane  posterior  to  the  innominate  trunk ;  it  is  therefore  more 
overlapped  by  the  pleura. 

Posteriorly^  the  vessel  lies  upon  the  trachea,  the  left  recurrent  laryn- 
geal nerve,  the  oes()phagus  and  the  thoracic  duct. 

In  front,  the  left  innominate  vein  crosses  the  artery  obliquely,  while 
the  cardiac  branches  of  the  left  vagus  and  sympathetic  cross  it  vertically. 
Superficial  to  these  are  the  remains  of  the  thymus  and  the  anterior  margins 
of  the  left  lung  and  pleura,  in  front  of  which  again  lies  the  manubrium 
sterni  with  the  origin  of  the  sterno-hyoid  and  sterno-thyreoid  muscles. 

On  the  right  side  are  the  innominate  artery  below,  and  the  trachea 
and  the  inferior  thyreoid  veins  higher  up. 

On  the  left  side,  the  left  pleura  is  in  close  contact  with  the  artery. 
Somewhat  posteriorly  are  the  left  phrenic  and  vagus  nerves  and  the  left 
subclavian  artery. 

RetaHons  of  the  common  carotid  in  the  neck.  This  portion  of  the  vessel 
is  about  three  and  a  half  inches  long  and  runs  upwards,  outwards,  and 
backwards  in  the  anterior  triangle  of  the  neck.  It  diverges  somewhat 
from  its  fellow  on  the  opposite  side,  being  separated  from  it  below  by  the 
trachea  and  oesophagus  and  above  by  the  much  wider  pharynx.  The 
artery  is  enclosed  in  a  special  sheath  of  deep  cervical  fascia  called  the 
carotid  sheath,  together  with  the  internal  jugular  vein  and  the  vagus  nerve. 

Behind^  the  vessel  lies  from  above  downwards  upon  the  rectus  capitis 
anticus  major  (longus  capitis),  the  longus  colli,  and  the  scalenus  anterior, 
upon  which  are  the  prevertebral  fascia  and  the  cords  of  the  cervical 
sympathetic  nerve.  Just  below  the  level  of  the  cricoid  cartilage  the 
inferior  thyreoid  artery  passes  behind  the  vessel,  whilst  lower  down 
the  vessel  lies  over  the  vertebral  artery  and  the  thoracic  duct ;  the  vagus 
lies  behind  and  to  its  outer  side. 

In  front,  the  descendens  hypoglossi  nerve  lies  on  the  sheath  of  the 
artery,  but  is  sometimes  enclosed  within  it.  The  artery  is  crossed  by  the 
omo-hyoid  muscle  and  the  sterno-mastoid  branch  of  the  superior  thyreoid 
artery,  and  by  the  superior  and  middle  thyreoid  and  generally  also  by 
the  lingual  veins.  Above  the  omo-hyoid  the  vessel  is  overlapped  by  the 
anterior  margin  of  the  sterno-mastoid,  whilst  below  that  muscle  it  is 
also  covered  by  the  sterno-thyreoid  and  sterno-hyoid  muscles,  and  fre- 
quently also  by  the  lateral  lobe  of  the  thyreoid  body.  The  communicat- 
ing vein  between  the  facial  and  anterior  jugular  lies  along  the  anterior 
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margin  of  the  sterno-mastoid,  and  hence  crosses  the  line  of  the  artery 
obliquely.  The  anterior  jugular  vein  is  also  in  front  of  the  artery  just 
above  the  sternum,  but  the  sterno-hyoid  and  the  sterno-mastoid  muscles 
intervene  between  these  two  structures. 

On  the  inner  side  below  lie  the  trachea  and  the  oesophagus  with  the 
recurrent  laryngeal  in  the  angle  between  them,  also  the  lateral  lobe  of 
the  thyreoid  body  and  the  inferior  thyreoid  vessels,  whilst  above  are  the 
larynx  and  the  pharynx. 

On  the  outer  side  lie  the  internal  jugular  vein,  which  overlaps  the 
lower  end  of  the  artery  in  front,  especially  on  the  left  side,  and  the 
vagus  nerve. 

Line  of  the  artery.  From  the  stemo-clavicular  articulation  to  the 
mid-point  between  the  angle  of  the  jaw  and  the  mastoid  process.  The 
bifurcation  of  the  carotid  corresponds  to  a  point  along  this  line  opposite 
the  upper  border  of  the  thyreoid  cartilage.  The  line  of  the  artery 
corresponds  fairly  closely  with  the  anterior  margin  of  the  sterno-mastoid 
when  the  head  is  turned  slightly  to  the  opposite  side. 

The  carotid  is  tied  either  above  or  below  the  omo-hyoid  according 
to  the  position  of  the  ligature  relative  to  this  structure.  The  former 
operation  is  easier  and  is  therefore  more  frequently  done,  the  operation 
being  known  as  ligature  of  the  common  carotid  at  *  the  seat  of  election  '. 
The  artery  is  much  more  deeply  placed  below  the  omo-hyoid,  and  the 
operation  for  its  ligature  is  proportionately  more  difficult. 

LIGATURE  ABOVE  THE  OMO-HYOID 

Operation.  The  parts  are  shaved,  a  small  pillow  is  placed  beneath 
the  shoulder  on  the  affected  side,  the  neck  is  slightly  extended,  and  the 
chin  is  turned  to  the  opposite  side.  The  surgeon  stands  on  the  affected 
side  and  makes  an  incision  (see  Fig.  209)  three  inches  long  in  the  line  of 
the  artery  (vide  supra),  with  its  centre  opposite  the  cricoid  cartilage. 
This  incision  divides  the  platysma  and  the  superficial  fascia  and  will 
probably  also  divide  the  communicating  vein  between  the  facial  and  the 
anterior  jugular,  and  will  expose  the  inner  margin  of  the  sterno-mastoid 
enclosed  in  its  sheath  of  deep  cervical  fascia.  The  deep  cervical  fascia 
is  next  incised  throughout  the  length  of  the  incision  just  anterior  to  the 
margin  of  the  muscle,  which  is  drawn  back  in  its  sheath  with  suitable 
retractors.  This  opens  up  the  anterior  triangle  of  the  neck  and  exposes 
the  omo-hyoid  muscle  crossing  the  artery  obliquely  from  below  upwards 
and  inwards;  its  upper  border  is  defined  by  a  few  touches  of  the  knife 
and  the  muscle  is  pulled  downwards.  In  doing  this  it  will  probably  be 
necessary  to  tie  the  middle  thyreoid  vein  as  it  crosses  the  field  of  opera- 
tion; the  sterno-mastoid  artery  may  also  be  divided.     The  lateral  lobe 
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of  the  thyreoid  does  not  usually  give  trouble;  should  it  be  enlarged,  it 
must  be  pulled  to  the  inner  side.  In  the  dead  subject  it  may  cause  con- 
fusion, and  may  be  mistaken  for  the  omo-hyoid  or  some  of  the  laryngeal 
muscles.  The  absence  of  definite  fibres  will  demonstrate  the  mistake. 
The  internal  jugular  vein  will  now  be  seen,  and,  in  the  living  subject, 
the  artery  will  be  felt  pulsating  just  internal  to  it.  In  the  dead  subject 
the  vein  offers  no  hindrance  to  the  operator;  in  the  living,  however,  it  is 


•a 


Fig.  209.  Incisions  for  Ligature  of  the  Common  and  External  Carotid 
Arteries,  a'  is  on  the  sterno -clavicular  articulation,  c'  on  the  tip  of  the  mastoid 
process,  and  n'  on  the  angle  of  the  jaw.  The  dotted  line  1  is  the  level  of  the 
upper  border  of  the  thyreoid  cartilage,  2  that  of  the  cricoid,  h  is  the  incision  for 
ligature  of  the  common  carotid  above  the  omo-hyoid,  c  that  for  ligature  of  the 
external  carotid, 

often  in  the  way,  owing  to  its  variation  in  size  during  respiration,  and 
special  care  has  to  be  taken  to  avoid  damaging  it  when  opening  the  sheath 
of  the  artery.  The  sheath,  along  which  will  be  seen  the  descendens 
hypoglossi  nerve  (see  Fig.  210),  is  opened  to  the  inner  side,  and  in 
clearing  the  vessel  care  must  be  taken  to  keep  the  point  of  the  needle 
closely  in  contact  with  the  vessel  wall  behind  so  as  to  avoid  including 
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the  vagus  in  the  ligature.  The  methods  of  clearing  the  artery  and  passing 
the  needle  have  already  been  described  (see  p.  418),  and  the  details  there 
given  apply  to  this  vessel,  and  should  be  followed  scrupulously.  If  the 
sterno-mastoid  be  unduly  large,  or  the  neck  be  fat  and  thick,  the  head 
should  be  bent  forwards  by  an  assistant  so  as  to  relax  the  muscles  while 
the  artery  is  being  cleared  and  the  ligature  passed ;  the  latter  should  be 
tied  so  as  to  divide  the  inner  and  middle  coats. 


■\ 

Fig.  210.  Ligature  of  the  Common  Carotid  above  the  Omo-hyoid.  The 
omo-hyoid  is  hooked  downwards  and  the  artery  is  seen  with  the  vein  external  to 
it  and  the  descendens  hypoglossi  nerve  on  its  sheath. 

LIGATURE  BELOW  THE  OMO-HYOID 

Operation.  The  positions  of  patient  and  operator  are  the  same  as 
before.  The  incision  (see  Fig.  211),  which  should  be  about  three  and 
a  half  inches  long,  reaches  from  the  cricoid  cartilage  to  the  sterno-clavicu- 
lar  joint,  following  the  line  of  the  artery  given  above  (see  p.  507). 
The  inner  margin  of  the  sterno-mastoid  is  exposed,  and  the  deep  cervical 
fascia  in  front  of  it  is  incised  so  as  to  allow  the  muscle  to  be  pulled  back 
in  its  sheath.  This  may  be  very  difficult  in  stout  subjects  with  well- 
developed  muscles,  and  it  may  therefore  be  necessary  to  detach  the 
sterno-mastoid  partially  from  the  clavicle.  This  will  expose  the  sterno- 
thyreoid  and  possibly  the  sterno-hyoid  muscles,  which  should  be  pulled 
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inwards,  whilst  the  omo-hyoid,  which  lies  more  externally,  should  have 
its  lower  border  defined  and  hooked  upwards  and  outwards  (see  Fig. 
212).  At  this  stage  there  may  be  severe  oozing  from  the  anterior  jugular 
and  the  inferior  thyreoid  veins,  which  may  all  require  ligature  and 
division.    When  the  muscles  have  been  retracted,  the  artery  can  be  felt 


/ 

Fig.  211.  Incisions  for  Ligature  of  the  Common  and  Internal  Cabotid 
AND  THE  Lingual  Arteries,  a  is  on  the  sterno -clavicular  joint,  b  on  the  angle 
of  the  jaw,  and  c  on  the  tip  of  the  mastoid  process.  The  dotted  line  1  denotes 
the  level  of  the  upper  border  of  the  thyreoid  cartilage,  2  that  of  tht  cricoid. 
F  is  the  incision  for  ligature  of  the  common  carotid  below  the  omo-hyoid,  e  that 
for  the  internal  carotid,  while  n  is  the  incision  for  ligature  of  the  lingual. 

pulsating  at  the  bottom  of  the  wound.  It  is  here  that  the  chief  difficulty 
will  be  met  with,  as  the  distended  internal  jugular  vein  gets  in  the  way 
and  greatly  interferes  with  the  process  of  opening  the  sheath  and  clearing 
the  artery.  This  is  especially  the  case  on  the  left  side,  where  the  dis- 
tended vein  may  actually  lie  in  front  of  the  artery  during  expiration. 
On  the  right  side  there  is  generally  an  interval  between  the  two,  and 
the  vein  only  comes  into  close  relation  with  the  artery  when  it  is  dis- 
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tended  to  the  utmost.  The  vein  will  probably  have  to  be  held  back  by 
a  narrow  flat  spatula  or  by  the  surgeon's  fingers,  as  its  walls  are  delicate 
and  are  easily  punctured  by  the  aneurysm  needle.  A  wound  of  the  vein 
in  this  situation  is  a  very  dangerous  matter  (zHde  infra). 

Difficulties  and  dangers.     These  are  very  few,  especially  when 
the  artery  is  being  tied  above  the  omo-hyoid.     If  the  chin  be  turned 


Fig.  212.  Ligature  of  the  Common  Carotid  below  the  Ouo-mvoid.  The 
omo-hyoid  is  hooked  up,  showing  the  artery  and  the  very  large  internal  jugular 
vein, 

too  far  to  the  opposite  side,  the  incision  may  be  made  over  the  sterno- 
mastoid  muscle,  instead  of  along  its  anterior  margin,  and  the  operator 
may  therefore  be  delayed  by  having  to  search  for  this  landmark.  More- 
over, such  an  incision  renders  the  proper  retraction  of  the  parts  more 
difficult.  Serious  oozing  from  the  thyreoid  veins  or  an  enlarged  lateral 
lobe  of  the  thyreoid  will  not  be  met  with  if  care  be  taken  to  incise 
cleanly,  and  to  pick  up  and  tie  bleeding  points  as  they  are  met  with. 
Troubles  of  this  description  are  only  likely  to  be  met  with  when  the 
parts  are  ruthlessly  torn  with  blunt  dissectors.  The  chief  difficulty 
in  tying  the  vessel  in  the  dead  subject  comes  from  a  misconception  as 
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to  the  depth  at  which  the  vessel  lies.  When  the  neck  is  rigid,  as  it  gen- 
erally is,  and  the  head  cannot  be  turned  over  to  the  opposite  side,  the 
artery  lies  much  deeper  than  it  does  in  the  ordinary  position. 

Injury  to  the  structures  in  the  immediate  vicinity  of  the  artery  is 
the  chief  risk  in  the  operation  of  ligature  below  the  omo-hyoid.  Injury- 
to  the  internal  jugular  vein  may  easily  occur  owing  to  the  constant 
variation  in  size  caused  by  respiration.  The  surest  way  to  avoid  injur- 
ing the  vein  is  to  press  it  well  to  the  outer  side  with  the  finger,  or  else 
to  define  its  inner  edge  by  a  few  touches  with  the  point  of  a  sharp 
knife,  and  then  pull  the  vein  away  from  the  artery  and  hold  it  out  of 
danger  with  a  blunt  hook.  The  vein  is  not  likely  to  be  damaged  during^ 
the  passage  of  the  needle  round  the  artery,  unless  the  sheath  be  insuffi- 
ciently opened  and  undue  force  be  employed.  Should  the  vein  be  punc- 
tured, the  haemorrhage  is  profuse,  and  if  the  wound  in  it  be  large,  and 
especially  if  it  be  seated  below  the  omo-hyoid,  air  may  be  sucked  into 
the  vein.  Immediately  such  an  accident  is  recognized,  pressure  should 
be  applied  to  the  wound  in  the  vein  to  occlude  it  and  prevent  further 
entry  of  air.  The  wound  should  then  be  flooded  with  sterilized  salt 
solution,  pressure  applied  on  either  side  of  the  opening  in  the  vein,  and 
the  rent  in  it  seized  with  forceps  and  a  lateral  ligature  applied.  The 
artery  should  be  cleared  afresh  and  ligatured  either  above  or  below  the 
spot  at  which  the  wound  in  the  vein  has  occurred. 

Inclusion  of  the  vagus  or  sympathetic  nerves  in  the  ligature  is  not 
likely  to  happen  unless  undue  force  be  used  to  get  the  needle  round 
the  artery.  If  the  sheath  be  properly  opened,  the  needle  finds  its  way 
readily  between  the  artery  and  the  sheath,  and,  as  the  vagus  and  sympa- 
thetic lie  outside  and  behind  this  structure,  their  inclusion  in  the  ligature 
should  be  out  of  the  question.  In  the  dead  subject  there  is  considerably 
more  difficulty  in  passing  the  needle  owing  to  the  rigidity  and  retraction 
of  the  parts. 

The  chief  danger  after  ligature  of  the  common  carotid  is  the  occur- 
rence of  cerebral  complications  due  to  defective  blood-supply,  which  leads 
to  a  temporary  abeyance  of  function,  and  may  end  in  cerebral  softening, 
coma,  and  death.  In  the  minor  cases  the  patient  gets  symptoms  of 
cerebral  anaemia,  such  as  twitchings,  giddiness,  and  temporary  paralysis; 
whilst  in  the  graver  cases,  gradually  increasing  coma  ensues,  followed  by 
convulsions  and  death.  It  is  owing  to  this  serious  complication  that  the 
mortality  of  the  operation  is  still  so  comparatively  high.  The  surgeon, 
therefore,  should  always  tie  the  external  carotid  in  preference  to  the 
common  trunk  when  he  has  the  choice. 
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LIGATURE  OF  THE  EXTERNAL  CAROTID  ARTERY 

Indications,  (i)  For  wounds.  These  will  be  chiefly  stabs  in  the 
parotid  region.  The  artery  is  occasionally  damaged  in  attempted  cut- 
throat ;  here  the  lesion  is  generally  immediately  fatal. 

(ii)  For  persistent  hcemorrhage  from  the  tonsil.  For  these  cases 
ligature  of  the  external  carotid  is  distinctly  preferable  to  ligature  of  the 
common  trunk,  as  it  is  equally  effective  in  arresting  the  bleeding,  and 
there  is  no  risk  of  cerebral  complications. 

(iii)  For  aneurysm  of  the  external  carotid:  a  very  rare  condition. 

(iv)  Temporary  ligature  of  the  external  carotid  may  be  very  useful 
when  removing  growths  in  the  parotid  region  or  on  the  side  of  the  face. 
Some  surgeons  tie  the  artery  permanently  under  these  circumstances,  but 
it  is  quite  sufficient  to  exercise  a  temporary  compression  of  it  so  that  the 
circulation  can  be  controlled  throughout  the  operation ;  when  the  tumour 
has  been  removed,  the  temporary  compression  is  relaxed  and  the  bleeding 
vessels  are  secured.  This  method  of  employing  temporary  compression 
is  most  valuable  when  the  wound  communicates  with  the  mouth  or 
pharynx,  as  secondary  haemorrhage  is  a  frequent  complication  of  perma- 
nent ligature  of  the  external  carotid  under  these  circumstances;  when 
only  temporary  compression  of  the  vessel  is  employed  during  the  opera- 
tion and  the  terminal  branches  are  secured  at  the  end  of  it,  this  serious 
complication  is  not  so  likely  to  occur.  Crile's  compression  clamp  (see 
p.  379)  may  be  used  in  place  of  a  temporary  ligature. 

(v)  The  vessel  is  sometimes  tied  in  order  to  starve  large  malignant 
growths  involving  the  mouth,  side  of  the  face,  parotid  or  jaw,  which 
there  is  no  possibility  of  removing  successfully.  The  operation  is  done 
with  the  same  object  as  ligature  of  the  lingual  for  inoperable  cancer  of 
the  tongue.  It  is  not  likely,  however,  to  be  followed  with  much  success, 
as  the  anastomosis  with  the  opposite  side  is  very  free.  If  done  at  all, 
the  artery  on  the  opposite  side  should  be  ligatured  simultaneously.  ' 

(vi)  For  persistent  middle  meningeal  hcemorrhage.  As  a  rule  even 
the  worst  bleeding  from  the  middle  meningeal  may  be  arrested  by  plug- 
ging the  foramen  spinosum  with  Horsley's  wax  or  some  other  suitable 
material  after  enlarging  the  wound  in  the  skull  sufficiently  downwards. 
Occasionally,  however,  it  may  be  necessary  to  tie  the  carotid. 

(vii)  For  aneurysm  by  anastomosis.  When  the  aneurysm  is  situated 
on  the  face  and  side  of  the  head,  the  control  of  the  blood-supply  through 
the  external  carotid  will  greatly  facilitate  the  other  measures  suitable 
for  the  treatment  of  this  condition.  If  the  aneurysm  can  be  excised, 
it  will  suffice  to  exercise  temporary  compression  of  the  carotid  during 
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the  excision.    The  bleeding  points  can  then  be  secured  and  the  compres- 
sion relaxed. 

Surgical  anatomy.  Behind,  the  artery  lies  close  to  the  internal 
carotid,  which  is  superficial  and  posterior  to  it  at  the  bifurcation.  The 
two  vessels  are  separated  by  the  stylo-glossus  and  stylo-pharyngeus 
muscles,  which  pass  behind  the  external  trunk,  as  do  also  the  glosso- 
pharyngeal nerve,  the  pharyngeal  branch  of  the  vagus,  and  the  stylo- 
hyoid ligament.  Higher  up  in  the  neck  it  is  in  relation  with  the  parotid 
gland  and  the  cartilaginous  portion  of  the  external  auditory  meatus. 

In  front,  it  is  crossed  by  the  various  veins  joining  the  internal  jugular, 
namely,  the  lingual,  common  facial,  and  superior  thyreoid.  The  hypo- 
glossal nerve  crosses  the  artery  and  turns  inwards  immediately  below 
the  origin  of  the  occipital  branch.  The  posterior  belly  of  the  digastric 
and  the  stylo-hyoid  muscles  also  cross  the  artery,  whilst  more  super- 
ficially it  is  overlapped  by  the  anterior  border  of  the  sterno-mastoid 
below  and  the  parotid  gland  above.  In  the  latter  structure  the  temporo- 
maxillary  (common  facial)  vein  descends  on  the  outer  side  of  the  artery, 
and  the  facial  nerve  crosses  it. 

On  its  inner  side  it  is  in  relation  with  the  inferior  constrictor  near 
its  commencement,  but  it  is  separated  above  from  the  pharynx  by  the 
stylc-pharyngeus  and  the  stylo-glossus  muscles,  the  glosso-pharyngeal 
nerve,  and  the  pharyngeal  branch  of  the  vagus.  The  laryngeal  branches 
of  the  superior  laryngeal  nerve  also  lie  on  its  inner  side. 

The  artery  may  be  tied  either  above  or  below  the  posterior  belly 
of  the  digastric,  but  it  should  always  be  exposed  in  the  latter  situation,  if 
possible,  on  account  of  the  danger  of  dividing  the  facial  nerve  in  the 
incision  for  exposing  the  vessel  above  the  digastric.  If  it  be  desired 
to  apply  the  ligature  above  that  muscle,  therefore,  the  vessel  should  be 
exposed  below  it  and  traced  upwards  after  the  digastric  has  been  dis- 
placed. The  ligature  is  usually  applied  between  the  superior  thyreoid  and 
the  lingual  arteries — which  vessels  should  also  be  tied  simultaneously — 
and  the  seat  of  ligature  is  generally  opposite  the  great  cornu  of  the  hyoid 
bone,  which  can  be  easily  felt  by  the  finger  in  the  wound. 

Operation.  The  positions  of  the  patient  and  the  surgeon  are  the 
same  as  in  the  preceding  operation  (see  p.  507).  An  incision  (see  Fig. 
209)  two  and  a  half  inches  long  is  made  in  the  line  of  the  artery  from 
the  angle  of  the  jaw  to  the  bifurcation  of  the  common  carotid  (see 
p.  507).  After  the  deep  fascia  has  been  divided,  and  the  anterior  triangle 
has  been  opened  up,  the  sterno-mastoid  is  drawn  well  back,  and  the  lower 
border  of  the  posterior  l^elly  of  the  digastric  is  defined  and  pulled  upwards. 
The  vessel  will  then  l^e  exposed,  as  it  passes  beneath  this  muscle  opposite 
the  great  cornu  of  the  hyoid  bone,  which  can  be  felt  in  the  wound;  if 
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a  further  guide  be  necessary,  identification  of  the  hypoglossal  nerve 
winding  round  the  occipital  artery  will  satisfy  the  surgeon  that  he  is 
dealing  with  the  external  carotid.  A  little  dissection  is  required  to 
identify  the  vessels  between  which  the  ligature  is  to  be  placed.  Of 
these  the  most  constant  in  its  direction  is  the  superior  thyreoid,  which 
has  a  characteristic  curve,  at  first  upwards  and  then  downwards  and 
inwards  (see  Fig.  213).    This  vessel  shou'd  be  secured,  and  the  carotid 


Fig.  213.  Ligature  of  the  External  Carotid  Artery.  The  artery  and 
its  branches  are  seen,  as  is  also  the  hypoglossal  nerve  and  the  posterior  belly 
of  the  digastric. 

is  then  cleared  upwards  to  the  next  branch,  namely,  the  lingual,  which 
is  secured  in  a  similar  manner.  Finally  the  needle  is  passed  round 
the  external  carotid  trunk  from  without  inwards;  the  facial  and  the 
ascending  pharyngeal  branches  may  with  advantage  be  ligatured  at 
the  same  time. 

If  it  be  desired  to  put  a  temporary  ligature  round  the  vessel,  its 
branches  are  not  secured.    A  ligature  of  silk,  tape,  or  kangaroo  tendon 
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is  passed  round  the  vessel,  its  ends  are  knotted  together  to  form  a  loop, 
by  means  of  which  traction  is  made  so  as  to  kink  the  artery  acutely 
and  obstruct  the  circulation  through  it.  Crile's  clamp  (see  p.  379)  may 
be  used  instead  of  a  ligature. 
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Indications.  This  operation  is  very  rarely  done.  It  may  be  called 
for— 

(i)  For  wounds  of  the  vessel,  which,  however,  are  usually  fatal 
before  help  can  be  obtained. 

(ii)  For  aneurysm  of  the  internal  carotid.  There  will  rarely  be 
room,  however,  to  apply  a  ligature  to  the  internal  carotid  below  an 
aneurysm  of  that  vessel.  In  very  small  aneurysms,  however,  it  is  pos- 
sible that  advantage  might  be  taken  of  the  fact  that  the  internal  carotid 
gives  off  no  branches  in  the  neck  to  expose  and  tie  the  vessel  above  and 
below  the  aneurysm,  and  either  incise  the  aneurysm  and  turn  out  the  clot, 
or  excise  the  sac  completely. 

(iii)  For  orbital  aneurysm.  Since  this  condition  is  supposed  to  be 
due  to  a  communication  between  the  internal  carotid  and  the  cavernous 
sinus,  ligature  of  the  internal  carotid  would  be  a  better  method  of  treat- 
ment than  ligature  of  the  common  trunk.  I  have  treated  two  such  cases 
successfully  (one  after  previous  unsuccessful  ligation  of  the  common 
carotid)  by  combined  ligature  of  the  internal  carotid  and  the  angular 
vein  (see  OphthaL  Soc.  Trans,,  1907). 

Surgical  anatomy.  The  line  of  the  artery  is  a  continuation 
upwards  of  that  of  the  common  carotid  trunk  (see  p.  507).  The  vessel 
extends  from  the  upper  border  of  the  thyreoid  cartilage  to  the  anterior 
clinoid  process  of  the  sphenoid,  traversing  the  carotid  canal  in  the 
temporal  bone.  In  the  neck  it  lies  at  first  behind  and  to  the  outer  side 
of  the  external  branch,  but  it  gets  to  its  inner  side  as  it  passes  beneath 
the  posterior  belly  of  the  digastric;  it  then  ascends  under  cover  of  the 
parotid  gland  to  the  carotid  canal. 

Relations.  Behind,  it  lies  upon  the  rectus  capitis  anticus  major 
(longus  capitis),  with  the  prevertebral  fascia,  the  superior  cervical 
ganglion,  and  the  cords  of  the  sympathetic  and  the  vagus  nerve.  Just  as 
it  is  about  to  enter  the  skull  through  the  carotid  canal,  the  hypoglossal, 
the  vagus,  the  glosso-pharyngeal,  and  the  spinal  accessory  nerves  pass 
behind  it  and  separate  it  from  the  internal  jugular  vein. 

In  front  are  the  sterno-mastoid,  with  the  platysma  and  the  deep 
cervical  fascia,  and  the  posterior  belly  of  the  digastric  and  the  stylo- 
hyoid, and  the  deep  surface  of  the  parotid  gland  higher  up.    The  hypo- 
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glossal  nerve,  the  occipital  artery,  and  the  posterior  auricular  artery 
also  cross  it  beneath  the  sterno-mastoid.  Passing  obliquely  across  its 
anterior  and  outer  surface  and  separating  it  from  the  external  carotid 
are  the  stylo-pharyngeus,  the  tip  of  the  styloid  process,  the  stylo-glossus 
muscle,  the  glosso-pharyngeal  nerve,  and  the  pharyngeal  branch  of  the 
vagus. 

Internal  to  it  is  the  external  carotid  below,  and  above  that  are  the 
wall  of  the  pharynx,  the  ascending  pharyngeal  artery,  the  pharyngeal 
plexus  of  veins,  and  the  external  and  internal  laryngeal  nerves;  near 


Fig.  214.  Ligature  of  the  Intebnal  Cakotid  Artery.  The  internal  jugular 
vein  is  seen  behind  the  artery,  while  crossing  it  is  the  hypoglossal  nerve,  giving 
ofT  its  descending  branch. 

the  entry  of  the  vessel  into  the  carotid  canal  are  the' levator*  palati  muscle 
and  the  Eustachian  tube.  Somewhat  to  its  outer  side,  and  rather  pos- 
terior, are  the  internal  jugular  vein  and  the  vagus  nerve. 

-  Operation.  The  positions  of  the  patient  and  the  surgeon  are  the 
same  as  in  the  last  operation.  An  incision  about  three  inches  long  is 
made  along  the  line  of  the  artery  {see  p.  507),  corresponding  closely  to 
the  anterior  border  of  the  sterno-mastoid  and  commencing  just  below 
the  upper  border  of  the  thyreoid  cartilage  (see  Fig.  211).  The  anterior 
margin  of  the  sterno-mastoid  is  pulled  well  back,  and  the  bifurcation 
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of  the  common  carotid  is  exposed.  It  should  be  remembered  that  the 
internal  carotid  is  superficial  and  posterior  to  the  external  at  this  point. 
Another  means  of  identification  is  the  absence  of  branches  from  the 
internal  trunk,  and  the  presence  of  the  internal  jugular  vein  on  its  outer 
side  (see  Fig.  214).    The  needle  is  passed  from  without  inwards. 

LIGATURE  OF  THE  VERTEBRAL  ARTERY 

Indications.  These  must  always  be  extremely  rare;  indeed,  the 
operation  is  practically  a  mere  dissecting-room  exercise.  In  the  living 
subject  it  might  be  required  for  stabs  or  traumatic  aneurysm  of  the 
vertebral.  Some  years  ago  it  was  much  advocated  for  the  cure  of  epi- 
lepsy, but  time  has  shown  that  it  does  not  exert  any  real  restraining 
influence  on  the  disease.  Owing  to  the  depth  at  which  the  artery  is 
situated,  and  the  importance  of  the  structures  by  which  it  is  surrounded, 
the  operation  must  always  be  one  of  great  difficulty.  Should  it  be  neces- 
sary to  expose  the  vessel  for  injury  or  traumatic  aneurysm,  this  difficulty 
will  be  increased  enormously. 

Surgical  anatomy.  The  vertebral  artery  is  the  first  branch  of 
the  subclavian,  and  springs  from  its  upper  and  back  part  just  opposite 
the  septum  between  the  scalenus  anticus  (anterior)  and  the  longus  colli 
muscles.  It  runs  up  in  the  interval  between  these  two  muscles  and  ends 
at  the  lower  border  of  the  pons,  where  it  unites  with  its  fellow  on  the 
opposite  side  to  form  the  basilar  artery. 

Relations  in  the  neck.  The  artery  lies  in  the  interval  between  the 
inner  border  of  the  scalenus  anticus  (anterior)  and  the  outer  border  of 
the  longus  colli.  It  is  crossed  by  the  internal  jugular  and  the  vertebral 
veins,  by  the  inferior  thyreoid  artery,  and,  on  the  left  side,  by  the  terminal 
portion  of  the  thoracic  duct.  It  is  surrounded  by  a  plexus  of  sympathetic 
nerve  fibres,  and  enters  the  foramen  in  the  transverse  process  of  the 
sixth  cervical  vertebra. 

Operation.  The  positions  of  the  patient  and  the  operator  are  the 
same  as  for  ligature  of  the  common  carotid  (see  p.  507),  except  that  the 
head  is  turned  rather  more  forcibly  to  the  opposite  side.  An  incision 
three  and  a  half  inches  long  is  made  along  the  posterior  border  of  the 
sterno-mastoid,  extending  downwards  as  far  as  the  clavicle.  Before 
the  deep  fascia  is  reached,  the  external  jugular  vein  should  be  identified, 
as  it  runs  almost  parallel  with  the  margin  of  the  muscle,  and  must  be 
avoided  if  possible;  if  not,  it  must  be  divided  between  two  ligatures 
before  it  pierces  the  deep  fascia.  The  deep  fascia  has  now  to  be  divided 
along  the  posterior  edge  of  the  sterno-mastoid,  and  that  muscle  and 
the  jugular  vein  are  drawn  inwards,  the  head  being  bent  to  allow  this 
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to  be  done;  should  the  patient  be  stout,  or  the  muscle  unduly  large, 
it  may  be  partially  divided  from  the  clavicle,  if  necessary.  The  artery 
lies  very  deep,  and  the  best  guide  to  it  is  the  outer  edge  of  the  scalenus 
anticus  (anterior),  which  lies  parallel  to  and  deeper  than  the  outer 
border  of  the  sterno-mastoid.  When  this  muscle  has  been  identified, 
the  interval  between  it  and  the  longus  colli  is  looked  for.  Help  may  be 
obtained  by  feeling  the  transverse  process  of  the  sixth  cervical  vertebra 


Fig.  215.  Ligature  of  the  Vertebral  Artery.  The  sterno-mastoid  is  pulled 
forwards  and  the  artery  is  seen  entering  the  foramen  in  the  transverse  process 
of  the  sixth  cervical  vertebra.  It  is  difficult  to  convey  an  idea  of  the  great  depth 
at  which  the  vessel  lies. 

in  the  wound;  the  artery  can  generally  be  felt  deep  down  beneath  it  (see 
Fig.  215). 

The  operation  is  exceedingly  difficult  owing  to  the  depth  at  which 
the  artery  is  placed  and  to  the  free  venous  oozing.  The  vertebral  and 
internal  jugular  veins  lying  directly  over  the  artery  are  a  great  source 
of  hindrance  to  the  operator,  and  it  is  easy  to  wound  the  former,  which, 
however,  may  be  tied  without  hesitation.  The  muscles  of  the  neck 
must  be  relaxed  as  far  as  possible,  the  wound  widely  retracted,  and 
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a  powerful  illumination  secured.  The  needle  should  be  passed  from 
without  inwards.  It  is  said  that  the  fibres  of  the  sympathetic  are  always 
interfered  with  in  ligature  of  this  vessel,  and  contraction  of  the  corre- 
sponding pupil  is  usually  met  with  when  the  ligature  has  been  applied 
successfully. 

LIGATURE  OF  THE  LINGUAL  ARTERY 

Indications,  (i)  The  artery  is  usually  tied  either  in  the  course 
of,  or  as  a  preliminary  to,  excision  of  the  tongue.  In  the  former  case  the 
artery  will  be  secured  at  or  near  its  origin  from  the  external  carotid,  and 
that  operation  will  not  be  described  here  as  it  merely  entails  exposure 
of  the  artery  in  the  wound  made  for  the  removal  of  the  submaxillary 
lymphatic  glands,  which  is  a  part  of  the  operation  for  removal  of  the 
tongue.  When  the  vessel  is  found,  it  is  traced  back  to  its  origin  and 
a  ligature  is  applied  to  it.  When,  however,  ligature  is  performed  as  a 
preliminary  to  removal  of  the  tongue,  the  vessel  is  usually  tied  in 
what  is  called  its  second  part,  viz.  the  portion  lying  beneath  the  hyo- 
glossus  muscle. 

(ii)  Both  lingual  arteries  are  not  infrequently  tied  in  order  to  restrain 
haemorrhage  from  a  cancerous  growth  of  the  tongue,  or  to  starve  the 
growth  by  cutting  off  its  blood-supply.  In  this  case  it  is  well  to  tie  the 
artery  in  its  first  part,  namely,  near  its  origin  from  the  external  carotid, 
as  thereby  all  its  branches  are  cut  off. 

(iii)  Ligature  may  be.  required  for  a  wound  of  the  vessel,  such  as  a 
stab.  In  this  case  the  wound  should  be  enlarged  and  the  bleeding  points 
sought  for  and  tied. 

Ligature  of  the  artery  may  be  practised  in  two  situations,  viz.  near 
its  origin  from  the  carotid — the  so-called  '  first  part ' — or  as  it  lies 
beneath  the  fibres  of  the  hyo-glossus,  in  the  so-called  '  second  part '. 

LIGATURE  AT  ITS  ORIGIN 

Ligature  of  the  vessel  in  its  first  part  is  practically  identical  with 
ligature  of  the  external  carotid  (see  p.  514),  save  that  the  ligature  is 
applied  to  the  lingual  branch  instead  of  to  the  external  carotid  trunk; 
it  need  not  be  described  here. 

LIGATURE  BENEATH  THE  HYO-GLOSSUS  MUSCLE 

Surgical  anatomy.  The  second  part  of  the  lingual  artery  passes 
beneath  the  hyo-glossus  muscle,  which  separates  it  from  the  hypoglossal 
nerve,  the  lingual  vein,  and  a  portion  of  the  submaxillary  gland.  It 
lies  upon  the  middle  constrictor  of  the  pharynx,  and  its  course  beneath 
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the  hyo-glossus  is  usua!!y  indicated  by  the  hypoglossal  nerve,  which  lies 
superficial  to  that  muscle.  From  this  part  of  the  artery  the  dorsalis 
linguse  branch  arises  and  supplies  the  back  part  of  the  tongue.  In  order 
to  make  sure  that  this  branch  is  controlled,  therefore,  the  ligature  must 
be  applied  quite  far  back,  practically  at  the  junction  of  the  first  with 
the  second  part. 

Operation.  The  head  and  shoulders  are  somewhat  raised,  and 
the  chin  is  turned  well  to  the  opposite  side,  drawn  upwards,  and  steadied 
by  an  assistant-  The  surgeon  stands  upon  the  same  side  and  makes 
an  incision  through  the  skin  and  deep  fascia,'  commencing  just  below 


Fig.  216.  Ligature  of  the  Lingual  Artery.  The  artery  is  seen  through 
the  incision  in  the  fibres  of  the  hyo-glossus.  The  hypoglossal  nerve  has  been 
displaced  slightly  upwards. 

and  outside  the  symphysis  menti,  and  running  downwards  to  the  hyoid 
bone,  whence  it  curves  upwards  and  backwards  nearly  to  the  angle  of 
the  jaw  (see  Fig.  211);  in  doing  this,  free  oozing  may  occur  from 
branches  of  the  facial  and  anterior  jugular  veins  which  will  need  to  be 
controlled.  The  deep  fascia  is  divided  by  a  horizontal  incision  parallel  to 
and  almost  over  the  hyoid  bone,  which  exposes  the  submaxillary  salivary 
gland ;  this  reaches  almost  down  to  the  hj'oid  in  the  living  subject,  and 
completely  so  in  the  dead.  The  gland  is  now  raised  from  its  bed  partly 
with  the  handle  of  the  knife,  and  partly  by  a  few  touches  of  its  point; 
the  gland  structure  itself  must  not  be  damaged,  and  the  skin  and  gland 
should  be  raised  together  and  fastened  to  the  cheek  with  a  fine  suture 


522  OPERATIONS  UPON  ARTERIES 

so  as  to  avoid  having  to  retract  it  forcibly  in  the  later  stages  of  the 
operation. 

The  digastric  tendon,  with  the  two  bellies  of  the  muscle,  and  the 
mylo-hyoid  will  now  be  seen  in  the  front  part  of  the  wound.  The  fascia 
is  cleaned  from  the  posterior  margin  of  the  mylo-hyoid,  and  the  digastric 
tendon  is  defined  and  pulled  firmly  downwards  and  backwards  with  a 
blunt  hook,  so  as  to  bring  into  view  the  fibres  of  the  hyo-glossus  muscle, 
which  run  almost  vertically.  The  hyo-glossus  is  crossed  horizontally  by 
the  prominent  hypoglossal  nerve,  which  runs  parallel  to  and  almost  over 
the  artery,  the  hyo-glossus  fibres,  however,  being  interposed  between  the 
two.  Below  the  nerve,  and  also  superficial  to  the  hyo-glossus,  lies  the 
lingual  vein.  These  two  structures  are  gently  displaced  upwards  with  a 
blunt  hook,  and  the  fibres  of  the  hyo-glossus  are  cut  through  with 
the  point  of  the  knife  immediately  above  and  parallel  to  the  margin  of 
the  hyoid  bone.  This  incision  is  made  with  great  care,  and  to  a  slight 
extent  only  at  each  stroke  of  the  knife.  The  cut  muscular  fibres  retract 
immediately,  so  that  the  artery  is  soon  seen  protruding  through  the  cut 
(see  Fig.  216) ;  it  is  usually  somewhat  tortuous,  which  renders  it  more 
prominent  when  exposed.  The  needle  is  passed  round  it  in  whichever 
way  seems  easiest.  The  submaxillary  gland  and  the  skin  flap  are  then 
laid  down  in  place  and  sutured.  If  all  bleeding  points  be  secured  by 
ligature  there  is  no  need  to  employ  a  drainage  tube. 

Difficulties  and  dangers.  This  operation  is  by  no  means  as  easy 
as  a  perusal  of  its  steps  might  lead  one  to  suppose.  Amongst  the  chief 
difficulties  may  be  enumerated : — 

(i)  Too  short  an  incision.  This  is  only  likely  to  occur  when  the 
operation  is  not  a  part  of  a  complete  removal  of  the  tongue  and  the  sub- 
maxillary lymphatic  glands.  The  surgeon,  in  order  to  minimize  the 
scar  made  by  the  operation,  is  tempted  to  shorten  his  incision  by  curving 
it  upwards  from  the  hyoid  bone  to  the  point  at  which  the  facial  artery 
crosses  the  ramus  of  the  lower  jaw.  It  is  quite  possible  to  secure  the 
vessel  through  this  incision,  and  the  short  incision  is  often  used,  but  it 
limits  the  access  to  the  vessel,  and  good  retraction  and  much  accuracy 
of  operating  is  required  to  enable  the  operator  to  secure  the  vessel 
satisfactorily. 

(ii)  Difficulty  with  the  submaxillary  gland.  This  structure  extends 
lower  down  than  might  be  thought,  and,  in  raising  it,  the  tendency  is  to 
cut  through  the  gland  instead  of  getting  properly  below  it  and  lifting 
it  out  of  its  bed  undamaged.  Unless  due  care  be  exercised,  not  only 
may  serious  damage  be  done  to  the  gland  itself,  but  the  surgeon  will  be 
much  hampered  in  defining  the  structures  met  with,  and  there  will 
be  troublesome  oozing  which  it  is  difficult  to  stop. 
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(iii)  Difficulty  in  finding  the  artery  after  incising  the  hyo-glossus. 
The  chief  danger  here  is  that  the  cavity  of  the  pharynx,  from  which  the 
artery  is  only  separated  by  the  middle  constrictor  and  the  mucous  mem- 
brane, may  be  opened  at  the  first  cut  of  the  knife.  There  should  be 
little  difficulty  in  finding  the  artery  if  the  fibres  of  the  hyo-glossus  be  cut 
through  little  by  little  and  separated  as  they  are  cut,  and  if  the  incision 
be  made  strictly  parallel  to  and  less  than  a  quarter  of  an  inch  above  the 
body  of  the  hyoid  bone. 

(iv)  Wound  of  the  pharynx  in  passing  the  needle.  This  is  a  serious 
matter  owing  to  the  risk  of  secondary  hemorrhage  from  sepsis.  It  is, 
however,  easily  avoided.     When  found,  as  described  above,  the  artery 


Fig.  217.    Ligature  of  the  Facial  Artery.    The  vein  is  behind  the  artery. 

should  be  seized  in  forceps,  when  it  can  be  stripped  off  the  middle  con- 
strictor and  traced  back  to  the  edge  of  the  hyo-glossus,  or  at  any  rate 
to  the  proximal  side  of  the  origin  of  the  dorsalis  linguas  branch,  where 
the  ligature  should  be  applied, 

LIGATURE  OF  THE  FACIAL  ARTERY 

This  operation  and  the  three  following  ones  are  mere  dissecting-room 
operations  and  do  not  require  extended  notice. 

Ligature  of  the  facial  artery  is  hardly  ever  done  as  a  formal  opera- 
tion. When  the  artery  is  tied  it  is  usually  in  the  course  of  some  other 
procedure,  such  as  the  excision  of  the  lower  jaw. 

It  may  be  secured  at  its  commencement,  as  already  described  under 
hgature  of  the  external  carotid  artery  (see  p.  514),  or  at  the  point  where 
it  crosses  the  lower  jaw — as  for  a  wound  of  the  face.    This  point  corre- 
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spends  to  the  anterior  margin  of  the  masseter,  and  the  only  thing  worthy 
of  note  is  that  the  incision  should  be  parallel  with  the  lower  border  of 
the  jaw,  so  as  to  avoid  damage  to  the  facial  nerve.  The  facial  artery  is 
easily  recognized  by  its  pulsation  as  the  wound  is  deepened.  The  facial 
vein  lies  behind  the  artery  (see  Fig.  217),  and  the  needle  should  therefore 
be  passed  from  behind  forwards, 

LIGATURE  OF  THE  TEMPORAL  ARTERY 

This  may  be  required  for  a  wound  of  the  scalp,  the  bleeding  from 
which  cannot  be  controlled  otherwise. 

The  vessel  is  secured  through  a  vertical  incision  about  half  an  inch 


Fig.  218.    LiCATUBE  of  the  Temporal  Artery.    The  aurtculo-temporal  nerve 

lies  behind  the  artery. 

in  length  midway  between  the  tragus  and  the  condyle  of  the  jaw.  There 
is  nn  difficulty  in  the  living  subject,  as  this  is  one  of  the  situations  in 
which  the  pulse  is  usually  felt.  The  artery  is  tied  as  it  crosses  the  root 
of  the  zygoma,  and  here  it  is  only  covered  by  skin  and  fascia.  The  vein 
lies  behind  the  artery,  which  is  crossed  by  branches  of  the  temporo-facial 
vein  and  the  facial  nerve  (see  Fig.  218).  The  needle  should  be  passed 
from  behind  forwards. 

LIGATURE  OF  THE  OCCIPITAL  ARTERY 

This  may  be  required  for  conditions  similar  to  those  requiring  ligature 
of  the  temporal  artery;  it  has  been  done  for  an  occipital  aneurysm.    The 
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vessel  may  also  be  tied  to  complete  the  operation  for  ligature  of  the 
external  carotid  (see  p.  514).  In  this  case  the  operation  is  similar  to 
that  for  ligature  of  that  vessel  and  needs  no  description  here. 

Ligature  of  the  terminal  portion  of  the  artery.  This  is  done  through 
an  incision  about  two  and  a  half  inches  long,  extending  from  the  tip 
of  the  mastoid  process  in  the  direction  of  the  external  occipital  protuber- 
ance. The  artery,  lying  in  the  occipital  groove,  emerges  from  beneath 
the  posterior  l>e!ly  of  the  digastric,  having  on  its  inner  side  the  rectus 
capitis  lateralis,  which  separates  it  from  the  vertebral  artery.  It  is  here 
under  cover  of  the  sterno-mastoid,  the  splenius  capitis,  and  the  trachelo- 
mastoid  (longissimus  capitis)  muscles.  At  its  termination  the  great 
occipital  nerve  crosses  it,  and  the  vessel  either  pierces  the  aponeurosis 


Fig.  219.  Ligature  of  the  Occipital  Artery.  The  great  occipital  nerve 
crosses  the  vessel.  The  ligature  is  applied  at  the  extreme  lower  end  of  the  wound, 
where  the  vessel  emerges  from  beneath  the  mastoid  process. 

uniting  the  sterno-mastoid  and  the  trapezius  to  pass  through  the  deep 
fascia,  or  it  perforates  the  posterior  part  of  the  occipito-frontalis  (epi- 
cranius)  muscle. 

The  incision  is  deepened  until  the  sterno-mastoid  is  exposed,  and  the 
fibres  of  this  muscle  are  divided  throughout  the  length  of  the  incision, 
and  those  of  the  splenius  identified.  These  are  cut  in  their  turn,  with  as 
much  of  the  trachelo-mastoid  (longissimus  capitis)  as  comes  into  the 
wound.     After  the  cut  muscles  have  been  retracted,  the  posterior  belly 
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of  the  digastric  muscle  comes  into  view,  and  the  occipital  artery  will  be 
seen  emerging  (see  Fig.  219).  In  this  situation  the  vessel  lies  upon  the 
superior  oblique  and  the  complexus,  and  is  about  midway  between  the 
transverse  process  of  the  atlas  and  the  mastoid  process.  The  needle 
may  be  passed  in  whichever  direction  seems  easiest. 

This  operation  is  often  somewhat  difficult  owing  to  the  abnormali- 
ties in  the  distribution  of  the  artery.  It  is  common  to  find  a  considerable 
part  of  the  vessel  superficial  to  the  trapezius,  and  it  is  apt  to  be  wounded 
in  deepening  the  skin  incision.  The  wound  in  which  the  vessel  is  usually 
secured  is  somewhat  deep,  and  good  light  and  careful  sponging  are  essen- 
tial ;  the  application  of  adrenalin  is  useful  in  ensuring  a  good  view. 


CHAPTER  XIII 
OPERATIONS  UPON  VEINS 

PLASTIC  OPERATIONS 

Operations  for  the  repair  of  wounds  in  veins  are  rarely  required. 
It  is  seldom  worth  while  to  go  to  the  trouble  of  repairing  a  wounded 
vein  so  as  to  preserve  the  circulation  through  it;  in  an  aseptic  wound 
the  obliteration  of  all  but  the  largest  veins,  such  as  the  axillary  or  the 
common  femoral,  is  not  likely  of  itself  to  give  rise  to  more  than  tem- 
porary inconvenience  and  transient  oedema;  even  in  these  the  effects  of 
ligature  are  not  grave.  In  the  majority  of  cases  of  wounds  of  veins, 
therefore,  there  is  no  objection  to  adopting  the  simpler  and  more  rapid 
method  of  ligature  of  the  vein  above  and  below  the  wound. 

Indications.  There  are  certain  cases,  however,  in  which  it  is  cer- 
tainly advisable  to  close  a  wound  in  a  vein  without  arresting  the  circula- 
tion through  it  permanently.  A  not  infrequent  accident  in  the  course 
of  operations  upon  the  cervical  glands  is  an  injury  to  the  internal  jugular 
vein,  and,  although  it  is  not  a  serious  matter  to  apply  a  ligature  above 
and  below  the  wound  in  the  vein  and  so  occlude  the  vessel  entirely,  yet 
it  is  preferable  to  stop  the  bleeding  by  some  means  that  will  at  the  same 
time  preserve  the  circulation  through  the  vein,  if  this  can  be  done  without 
undue  prolongation  of  the  operation. 

There  are  other  cases  again  in  which  the  repair  of  a  wounded  vein  is 
most  important.  It  happens  occasionally  that  the  renal  vein  is  torn  away 
from  the  vena  cava  during  nephrectomy.  This  results  in  furious  haemor- 
rhage which  it  is  difficult  to  stop  and  which  it  is  out  of  the  question  to 
arrest  by  applying  a  ligature  to  the  vena  cava  above  and  below  the 
entrance  of  the  renal  vein.  Occasionally  also  in  pelvic  operations  one 
of  the  iliac  veins  has  been  wounded,  and  in  this  situation  also  an  operation 
that  will  close  the  wound,  and  at  the  same  time  allow  the  circulation 
through  the  vein  to  remain  unimpaired,  is  of  great  value. 

Operation,  (i)  For  small  wounds,  such  as  punctures,  or  for  avul- 
sion of  a  tributary  close  to  the  main  trunk,  it  is  sufficient  to  pick  up  the 
bleeding  point  in  the  wall  of  the  vein  and  surround  the  opening  in  it 
with  a  lateral  ligature.  The  low  blood-pressure  in  the  vein  is  not  likely 
to  cause  dislodgement  of  the  ligature,  provided  that  this  be  tied  very 
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tight.  It  not  infrequently  happens  that,  during  operations  upon  glands 
in  the  neck,  when  a  lateral  ligature  of  this  kind  has  been  placed  upon  the 
internal  jugular  there  is  a  recurrence  of  haemorrhage;  this  is  generally 
due  to  an  insufficiently  firm  ligature. 

(ii)  When  there  is  a  longitudinal  or  transverse  slit  of  any  consider- 
able  extent,  and  more  particularly  when  a  portion  is  sliced  out  of  the 
vein,  this  method  will  not  do,  and  the  wound  in  the  vein  must  be  sutured. 
As  a  matter  of  practice  it  is  found  that  almost  any  method  of  suture  will 
do,  and  the  one  commonly  employed,  has  been  a  continuous  running 
suture  taking  up  all  the  coats  of  the  vessel.  The  circulation  is  arrested 
on  each  side  of  the  wound  by  digital  or  instrumental  pressure,  and  the 
edges  of  the  incision  in  the  vein  being  held  together  with  very  fine  toothed 
forceps,  they  are  sewn  up  by  the  finest  spring-eyed,  fully  curved,  round 
intestinal  needle  carrying  the  finest  obtainable  catgut.  The  suture  should 
begin  about  one-eighth  of  an  inch  beyond  one  end  of  the  wound  and 
should  extend  for  about  the  same  distance  on  the  far  side;  a  single 
row  of  sutures  is  sufficient.  A  suture  identical  with  Dorrance's  for 
arteriorrhaphy  (see  p.  379)  may  be  used,  and  is  perhaps  less  likely  to  be 
followed  by  thrombosis,  as  the  suture  does  not  then  project  into  the 
blood-stream. 

ARTERIO-VENOUS  ANASTOMOSIS 

This  has  already  been  described  fully  in  connexion  with  the  oper- 
ations for  reversal  of  the  circulation  of  a  limb.  It  has  also  been 
suggested — although,  as  far  as  I  am  aware,  not  carried  out  in  practice — 
that  the  cure  of  a  fusiform  aneurysm  might  be  effected  by  dividing  the 
parent  vessel  above  and  below  the  sac  and  performing  an  end-to-end 
anastomosis,  using  as  an  intermediary  in  the  gap  caused  by  the  removal 
of  the  aneurysmal  sac  a  suitable  portion  of  the  companion  vein.  That 
this  is  ever  likely  to  become  a  recognized  operation  is  very  doubtful,  and 
that  it  is  preferable  to  simple  ligature  of  the  artery  above  and  below 
the  sac  is  open  to  question.  To  employ  the  main  vein  for  the  purpose  of 
anastomosis  is  very  likely  to  result  in  gangrene,  owing  to  simultaneous 
blocking  of  the  artery  and  the  vein,  whereas  the  older  operation  would 
obliterate  the  artery  alone,  leaving  the  circulation  in  the  vein  unimpaired. 
It  has  yet  to  be  shown  moreover  that  an  anastomosis  of  this  kind,  where 
the  rough  cut  ends  of  the  artery,  as  well  as  the  sutures,  are  exposed  in 
the  blood-stream,  can  successfully  resist  the  tendency  to  thrombosis 
which  is  well  known  to  exist  under  these  circumstances. 


OPERATIONS  UPON  VARICOSE  VEINS  529 

OPERATIONS  UPON  VARICOSE  VEINS 

In  this  connexion  the  operations  upon  varicose  veins  of  the  extremities 
alone  will  be  considered.  Those  upon  the  veins  of  the  pampiniform  plexus 
will  be  considered  in  the  section  devoted  to  operations  for  the  cure  of  vari- 
cocele; while  those  upon  the  veins  of  the  haemorrhoidal  plexus  are  the 
operations  for  piles  and  are  dealt  with  among  operations  upon  the 
rectum. 

Methods.  Properly  speaking  there  is  only  one  operative  treatment 
for  the  cure  of  varicose  veins,  namely,  excision  between  ligatures,  but 
the  two  methods  by  which  this  is  done  differ  both  in  technique  and  in 
results;  they  are: — 

(a)  Trendelenburg's  operation,  or  division  of  the  internal  (great) 
saphenous  vein  between  ligatures  applied  a  little  below  the  saphenous 
opening. 

(6)  Excision  of  the  varices  wholly  or  in  part,  with  or  without 
removal  of  the  internal  (great)  saphenous  trunk. 

Indications.  The  following  facts  bearing  upon  the  operative  treat- 
ment of  varicose  veins  are  gradually  becoming  recognized : — 

(a)  That  excision  of  varices  is  not  a  radical  cure  of  the  affec- 
tion; the  benefit  is  only  temporary,  other  veins  enlarging  in  due 
course. 

(6)  That  pronounced  varices  on  the  inner  side  of  the  leg  and  knee 
are  most  prone  to  complications,  such  as  thrombosis,  &c.,  presumably 
from  their  position,  which  exposes  them  to  injury  or  irritation. 

(c)  That  the  most  important  factor  bearing  on  the  well-being  of  the 
subjects  of  extensive  varicose  veins  is  the  competency  or  otherwise  of 
the  valves  in  the  saphenous  vein.  As  long  as  these  are  doing  their  work 
efficiently  there  is  only  slight  discomfort  and  possibly  the  risk  of  trau- 
matic complications,  but  when  they  cease  to  act  satisfactorily,  sensory 
and  circulatory  troubles  are  prone  to  set  in. 

A  consideration  of  the  above  facts  leads  to  the  conclusion  that  the 
following  groups  of  cases  are  most  suitable  for  operation : — 

(i)  Those  in  which  there  is  insufficiency  of  the  valves,  as  shown  by 
the  test  introduced  by  Trendelenburg.  To  do  this,  the  limb  is  emptied 
of  blood  by  elevation,  and  pressure  is  made  upon  the  saphenous  opening 
until  the  patient  resumes  the  upright  position.  If  then  the  vein  fills 
rapidly  immediately  the  pressure  on  the*  saphenous  vein  is  removed,  it 
may  be  taken  for  granted  that  the  valves  are  insufficient  to  hold  up  the 
column  of  blood  in  the  vein. 

(ii)  Chronic  ulcers  of  the  leg  in  subjects  of  varicose  veins.    Here  the 
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operation  is  done  with  the  object  of  removing  the  constant  congestion 
and  thereby  facilitating  rapid  healing. 

(iii)  Serious  haemorrhage  either  from  a  vein  that  has  burst  or  from 
one  in  the  wall  of  a  chronic  ulcer  that  has  ulcerated  through. 

(iv)  Localized  varices  limited  to  one  area  of  the  limb  but  unaccom- 
panied by  swelling  of  the  foot  or  marked  pain.  Here  the  operation  is 
generally  done  to  enable  the  patient  to  enter  one  of  the  public  services. 

(v)  Prominent  varices  in  a  region,  such  as  the  inner  side  of  the 
knee,  preventing  the  patient  from  following  some  particular  calling  or 
exercise,  such  as  riding,  &c.,  in  which  the  varices  would  be  exposed  to 
injurious  pressure. 

In  all  but  the  two  last  groups  of  cases,  which  however  are  large,  the 
operation  of  choice  will  be  that  known  as  Trendelenburg's,  or  division 
of  the  internal  (great)  saphenous  vein  below  the  saphenous  opening, 
whilst  in  the  last  two  groups  the  chief  object  of  the  operation  will  be  to 
remove  the  actual  varices,  and  this  may  or  may  not  be  combined  with 
Trendelenburg's  operation.  Personally,  I  always  do  Trendelenburg's 
operation  at  the  same  time  as  I  remove  those  varices  which  are  exposed 
to  pressure  or  injury  about  the  inner  side  of  the  knee  and  upper  part 
of  the  leg. 

Operations.  Trendelenburg's  operation  is  extremely  simple  and 
only  occupies  a  short  time,  whereas  the  operation  for  the  removal  of 
the  individual  varices  is  often  extremely  difficult  and  tedious,  not  infre- 
quently lasting  two  hours  or  more.  In  cases  such  as  these  it  is  well  to 
remember  that  the  operation  can  be  done  satisfactorily  under  the  infiltra- 
tion method  of  local  analgesia  (see  p.  114). 

Preliminary  purification.  In  all  these  cases  there  are  two  points  of 
great  importance  to  be  remembered.  The  first  is  that  the  most  scrupu- 
lous care  must  be  bestowed  upon  the  aseptic  precautions,  as  suppuration 
in  the  neighbourhood  of  these  large  veins  would  be  a  disaster  of  the 
first  magnitude,  and  it  is  very  easy  to  go  wrong  in  this  matter  owing  to 
the  length  of  time  consumed  in  the  operation,  and  the  various  manipula- 
tions of  the  limb  that  are  often  required  to  get  at  the  field  of  operation 
properly.  The  entire  limb  should  always  be  shaved  from  the  groin  to 
the  foot  and  thoroughly  purified  back  and  front.  The  foot  should  be 
wrapped  up  in  a  sterilized  towel  and  by  it  all  the  movements  of  the  limb 
should  be  made.  The  surgeon  should  confine  himself  as  much  as  pos- 
sible to  the  use  of  scalpel  and  forceps,  and  should  handle  the  wounds  as 
little  as  possible. 

Mode  of  identifying  the  veins.  The  second  point  is  to  remember  that 
it  may  be  most  difficult  to  identify  the  affected  veins  on  the  operating 
table,  especially  when  excising  local  varices,  unless  some  special  means 
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have  been  taken  to  facilitate  this.  There  are  several  ways  of  doing 
this.  The  patient  is  made  to  stand  up  after  the  limb  has  been  purified 
and  before  the  overnight  compress  is  put  on,  and,  as  soon  as  the 
veins  have  become  fully  prominent,  they  are  marked  out  either  with 
an  aniline  pencil  dipped  in  a  sterile  solution,  or  by  a  solution  of  nitrate 
of  silver  (60  gr.  to  the  oz.)  painted  on  with  a  fine  camel's-hair  brush 
and  allowed  to  dry ;  in  the  course  of  twelve  hours  this  causes  an  indelible 
brown  stain  upon  the  skin.  If  the  stain  has  not  appeared  at  the  time 
of  the  operation  next  morning  it  may  be  developed  by  brushing  over 
the  surface  with  a  solution  of  pyrogallic  acid.  This  nitrate  of  silver 
method  is  an  excellent  one,  and  leaves  a  stain  that  no  purification  on 
the  operating  table  will  eradicate.  The  aniline  pencil-mark,  on  the 
other  hand,  although  it  is  indelible  as  far  as  the  overnight  compress  is 
concerned,  gets  washed  out  during  the  process  of  purification  on  the 
operating  table,  and  in  order  to  avoid  this  when  aniline  markings  have 
been  used  I  always  mark  in  the  proposed  incisions  lightly  with  a  touch 
of  the  knife  before  the  final  purification  is  begun;  the  bleeding  scratches 
thus  made  cannot  be  overlooked  when  the  purification  has  been  com- 
pleted. 

Trendelenburg's  operation.  An  incision  about  three  inches  long  is 
made  over  the  line  of  the  internal  (great)  saphenous  vein,  which  can 
always  be  felt  or  seen  before  the  operation  sufficiently  well  for  it  to  be 
marked  out.  The  vein  is  exposed  and  dissected  free  from  nerve  filaments 
and  surrounding  fat,  and  a  ligature  is  applied  to  it  about  two  inches 
below  the  saphenous  opening.  A  second  ligature  is  applied  two  or  three 
inches  lower  down  and  the  intervening  portion  of  the  vein  is  removed; 
the  wound  is  sewn  up  without  a  drainage  tube.  Fine  chromicized  catgut 
is  the  best  material  for  ligature. 

Excision  of  varices.  As  far  as  possible  the  incisions  should  be 
planned  to  take  in  venous  junctions  so  that  each  incision  may  remove 
portions  of  more  than  one  vein.  There  is  no  necessity  to  make  long 
incisions  iexcept  when  it  is  desired  to  reach  several  junctions  from  one 
incision  or  when  only  a  single  group  of  veins,  such  as  the  internal  (great) 
saphenous  and  its  tributaries,  is  aflfected,  in  which  case  a  long  incision 
will  block  the  venous  return  from  a  large  area.  Even  here,  however, 
incisions  about  two  inches  long  are  sufficient,  and  with  them  there  is  less 
danger  of  damaging  the  sensory  nerve-supply ;  as  a  rule  they  should  be 
made  directly  over  the  vein  that  is  to  be  removed.  Occasionally,  how- 
ever, it  will  be  better  to  turn  back  a  flap  and  remove  a  mass  of  veins  from 
beneath  it;  this  is  advisable  in  the  case  of  varices  and  their  tributaries 
which  are  collected  into  large  whorls  or  bundles.  This  method,  however, 
is  not  advisable  if  it  can  be  avoided,  as  the  varices  frequently  thin  the 
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skin  over  them  so  much  that  the  nutrition  of  the  flap  may  be  interfered 
with  in  raising  it. 

The  skin  incision  should  be  deepened  with  care,  as  it  is  important  to 
avoid  wounding  the  veins  if  the  surgeon  wishes  to  do  the  operation 
as  expeditiously  as  possible.  In  order  to  render  the  field  of  operation 
bloodless  he  may,  if  he  chooses,  use  an  Esmarch  tourniquet,  but  this 
should  be  avoided,  except  when  it  is  absolutely  necessary,  on  account  of 
the  oozing  that  follo\vs  its  removal  and  the  possibility  of  thrombosis 
of  the  veins  at  its  point  of  application.  Blood  collecting  in  these  wounds 
is  likely  to  give  trouble  subsequently,  and  therefore  the  use  of  the 
tourniquet  should  be  restricted  to  the  rarer  cases  in  which  it  is  essential 
to  raise  a  flap  and  remove  a  mass  of  tortuous  veins  occupying  a  large 
area,  and  from  which  the  bleeding  would  otherwise  be  very  profuse 
before  the  main  branches  could  be  secured. 

The  enlarged  veins  are  connected  to  the  skin  by  a  series  of  fine  fibrous 
bands,  which  require  division  with  the  point  of  a  very  sharp  knife.  The 
least  possible  handling  of  the  skin  should  be  practised;  very  fine  toothed 
forceps  are  best  for  this  purpose.  As  soon  as  the  skin  has  been  separated 
from  the  vein,  the  remainder  of  the  operation  is  easy,  a  few  strokes  with 
a  blunt  dissector  or  the  point  of  the  knife  sufficing  to  isolate  the  vein 
and  its  tributaries  from  the  surrounding  fat.  No  attempt,  however, 
should  be  made  to  eflfect  this  separation  with  any  blunt  instrument  until 
the  skin  and  its  fibrous  processes  have  been  properly  dissected  off  the 
vessel.  The  upper  end  of  the  main  vein  should  be  isolated  first,  picked 
up  and  clamped  close  up  to  the  upper  end  of  the  skin  incision  in  two 
pairs  of  forceps  and  divided  between  them.  The  portion  of  the  vein  to 
be  removed  is  then  raised  by  taking  hold  of  the  lower  pair  of  forceps 
and  putting  the  vein  on  the  stretch;  this  renders  all  its  tributaries 
apparent,  and  enables  them  to  be  dissected  cleanly  from  the  surrounding 
structures  and  clamped  and  divided  in  turn  so  that  the  whole  portion 
of  the  vein  is  dissected  downwards  and  removed;  it  is  important  to 
eflfect  the  separation  of  the  veins  from  the  surrounding  structures  cleanly, 
as  otherwise  cutaneous  nerves  may  be  tied  in  with  the  vein  and  the 
patient  may  suflfer  considerably. 

When  all  the  branches  have  been  clamped  and  divided,  the  lower 
end  is  clamped  and  the  entire  mass  is  removed.  Fine  chromicized  catgut 
ligatures  are  now  applied  to  the  clamped  ends,  and  it  is  a  point  of 
some  practical  importance  to  see  that  the  knot  of  the  ligature  is  turned 
towards  the  deep  surface  of  the  wound,  so  that  there  is  no  risk  of  the 
cut  ends  of  the  ligature  projecting  from  the  skin  wound  when  the 
latter  is  sewn  up.  Owing  to  the  thinness  of  the  skin  and  the  proximity 
of  the  veins  to  it,  this  troublesome  little  accident  is  very  likely  to  occur 
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unless  special  pains  be  taken  to  avoid  it.  Another  small  point  of  prac- 
tical importance  is  to  dissect  the  skin  up  for  a  short  distance  above  and 
below  the  ligatured  ends  of  the  veins,  so  that  the  catgut  lies  well  hidden 
beneath  the  skin.  If  the  ligature  projects  from  the  wound  it  always 
comes  away  later  on  and  will  thus  prolong  convalescence.  If  the  steps 
described  above  are  carefully  followed,  the  operation  can  be  done  almost 
bloodlessly. 

It  is  well  not  to  sew  up  the  wound  at  the  time  it  is  made,  but  to 
cover  it  with  a  piece  of  sterilized  gauze  and  to  proceed  to  remove  all 
the  rest  of  the  veins  that  it  is  desired  to  excise  before  sewing  up  any 
of  the  wounds.  This  enables  one  to  see  whether  there  are  any  other 
bleeding  points  that  require  ligature,  and  ensures  a  perfectly  dry  wound 
at  the  end  of  the  operation,  when  all  the  incisions  are  sewn  up  seriatim 
in  the  order  in  which  they  were  made.  No  drainage  tube  is  required,  but 
it  is  most  essential  to  see  that  the  wound  is  dry  before  it  is  sutured.  It 
is  well  to  use  fine  silkworm-gut,  horsehair,  or  Michel's  sutures,  as  they 
are  all  non-absorbent,  and  even  slight  staphylococcic  infection  from  the 
skin  may  lead  to  serious  consequences. 

Occasionally  it  may  be  necessary  to  excise  a  large  mass  of  veins 
that  have  so  thinned  the  skin  over  it  as  to  endanger  its  vitality  when 
raised  as  a  flap,  and  in  these  cases  it  may  be  necessary  to  plan  the  skin 
incision  so  that  a  certain  portion  of  the  skin  may  be  excised  and  the 
wound  brought  together  afterwards.  Under  such  circumstances  it  is 
well  to  employ  a  tourniquet,  as  the  veins  are  certain  to  be  wounded 
during  the  operation,  and  otherwise  there  will  be  so  much  oozing,  that 
it  will  be  very  difficult  to  see  the  condition  of  the  parts,  and  a  good 
deal  of  unnecessary  damage  may  be  caused.  After  the  dressings  have 
been  applied,  the  knee  should  be  kept  steady  between  sand-bags  and 
more  or  less  fixed;  it  is  not  necessary  to  employ  a  splint  unless  the 
patient  is  restless. 

After-treatment.  The  stitches  should  be  removed  about  the  eighth 
day  and  a  collodion  dressing  applied.  The  patient  should  be  kept  in  bed 
for  a  fortnight  and  should  spend  the  following  week  on  a  couch ;  at  the 
end  of  that  time  he  may  walk  about. 

VENESECTION 

Indications.  For  any  condition  accompanied  by  engorgement  of 
the  right  side  of  the  heart.  The  operation  is  rarely  practised  at  the 
present  day,  but  it  has  a  definite  sphere  of  usefulness,  and  in  many  cases 
is  of  the  highest  value.  In  diseases  like  chronic  bronchitis  accompanied 
by  over-distension  of  the  right  side  of  the  heart  and  intense  engorgement 
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of  the  systemic  venous  system,  venesection  may  act  like  a  charm  by 
mechanically  removing  this  undue  pressure,  and  may  thus  enable  the 
patient  to  tide  over  the  critical  stage  of  his  illness. 

Operation.  Slight  as  it  is,  this  operation  must  be  done  skilfully  in 
order  to  ensure  a  satisfactory  result.  As  a  rule  no  general  anaesthetic  is 
permissible,  and  it  is  not  even  necessary  to  use  any  local  analgesia  (see 
p.  114);  but  there  is  no  objection  to  the  use  of  local  infiltration  should 
the  surgeon  desire  it,  although  it  must  be  remembered  that  the  proper 
performance  of  the  operation  depends  very  largely  upon  the  accurate 
definition  of  the  vein,  and  that  any  subcutaneous  oedema  will  obscure 
the  parts.  The  patient  should  be  in  the  semi-recumbent  position  so  that 
he  may  be  readily  laid  flat  should  he  be  faint.  In  no  case  should  vene- 
section be  performed  with  the  patient  in  the  upright  position. 

In  order  to  render  the  veins  prominent  a  single  loop  of  bandage  or 
broad  tape  is  fastened  moderately  tightly  around  the  middle  of  the  upper 
arm  in  order  to  compress  and  distend  the  cutaneous  veins.  In  order  to 
effect  this  object  still  better  the  patient  is  made  to  clench  his  hand  firmly 
or  to  grasp  some  moderate-sized  object  firmly  in  it.  This  renders  promi- 
nent all  veins  in  the  forearm.  The  vein  selected  is  usually  the  median 
basilic,  because  of  its  large  size  and  superficial  position.  Venesection  is 
hardly  ever  done  in  any  other  situation  except  at  the  bend  of  the  elbow ; 
in  former  days  it  was  frequently  practised  at  the  ankle  and  on  the 
temporal  and  external  jugular  veins. 

The  region  of  the  median  basilic  is  thoroughly  purified  in  the  ordinary 
manner,  and  the  surgeon  places  his  left  thumb  immediately  below  the 
spot  at  which  he  is  going  to  incise  the  vein.  This  is  done  with  two 
objects,  viz.  to  steady  the  vein  during  the  incision,  and  to  enable  the 
thumb  to  be  slipped  over  the  incision  immediately  it  is  made,  and  thus 
to  check  the  outflow  of  blood  until  the  lancet  is  put  down  and  the  bleeding- 
bowl  is  in  position.  The  incision  is  made  with  a  fine  double-edged  lancet, 
grasped  between  the  thumb  and  forefinger  close  to  its  point  and  steadied 
by  resting  the  right  hand  upon  the  left  thumb.  This  is  a  necessary 
precaution,  as  the  incision  into  the  vein  must  be  judged  to  a  nicety, 
otherwise  it  is  quite  easy  to  make  the  incision  either  too  superficial,  in 
which  case  the  vein  is  not  opened,  or  too  deep,  in  which  case  both  walls 
of  the  vein  may  be  transfixed,  the  bicipital  fascia  beneath  divided,  and 
the  brachial  artery  itself  wounded ;  this  was  a  common  accident  in  former 
days  and  was  the  cause  of  the  arterio-venous  aneurysms  that  were  so 
frequently  met  with  in  this  region. 

The  incision  should  open  the  vein  at  the  first  attempt  and  should 
divide  its  anterior  wall  parallel  with  its  long  axis  and  in  the  middle  of  its 
anterior  aspect.    The  left  thumb  is  at  once  placed  over  the  opening,  the 
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lancet  is  put  down,  and  the  vessel  into  which  the  blood  is  to  be  received 
placed  beneath  the  limb ;  the  limb  is  then  turned  over  so  that  the  opening 
in  the  vein  is  downwards  and  the  pressure  taken  off  the  incision.  After 
the  requisite  amount  of  blood,  which  varies  from  six  to  twelve  ounces, 
has  been  removed,  a  small  gauze  pad  is  firmly  fastened  over 
the  opening  in  the  vein,  the  bandage  round  the  arm  is  removed,  and  the 
patient  instructed  to  carry  his  arm  in  a  sling  for  a  few  days  until  the  wound 
has  healed.  The  bandage  round  the  arm  should  be  fastened  by  a  slip- 
knot so  that  It  can  be  easily  pulled  off  with  one  hand,  and  the  gauze  pad 
over  the  incision  may  be  fastened  in  position  by  a  piece  of  broad  tape 
passing  around  the  elbow- joint  in  a  figure-of-eight. 

INTRAVENOUS  INFUSION 

Physiological  salt  solution  may  be  of  value  temporarily,  but  a  wide 
experience  in  cases  of  secondary  haemorrhage  during  the  recent  war 
showed  that  salt  solution  injected  intravenously  passed  rather  rapidly 
into  the  capillaries  and  body  tissues,  and  that  the  rise  of  blood  pressure 
resulting  from  its  administration  was  only  temporary. 

Intravenous  infusion  should  never  be  used  for  the  relief  of  severe 
haemorrhage  unless  the  source  of  bleeding  has  been  secured.  In  severe 
haemorrhage  the  blood  pressure  falls  so  low  that  at  last  spontaneous 
arrest  of  the  bleeding  occurs,  and  to  raise  the  blood  pressure  without 
securing  the  bleeding  point  merely  causes  the  bleeding  to  commence 
afresh.  If  it  is  impossible  to  secure  the  bleeding  points  it  is  better  to 
trust  to  the  chance  of  thrombosis  by  natural  processes  rather  than  run 
the  risk  of  raising  the  blood  pressure  by  infusion  and  causing  the  haemor- 
rhage to  recur. 

In  cases  where  large  amounts  of  fluid  have  been  lost  by  repeated 
and  persistent  vomiting  as  in  the  toxaemias  of  pregnancy,  in  acidosis,  acute 
gastric  dilatation,  and  postoperative  vomiting,  if  proctoclysis  is  un- 
successful, intravenous  infusion  will  help  to  restore  the  body  fluids.  In 
most  cases,  however,  the  subcutaneous  administration  of  salt  solution  is 
to  be  preferred  because  of  the  simplicity  of  administration,  because  it 
may  be  continued  without  diflSculty  over  a  considerable  period  of  time, 
and  because  there  is  less  likelihood  of  embarrassing  the  circulatory 
mechanism  by  suddenly  throwing  a  large  quantity  of  fluid  into  the 
circulation. 

Operation.  The  vein  usually  chosen  is  the  median  basilic.  By 
light  circular  constriction  upon  the  arm  the  vein  may  be  made  to  become 
filled  with  blood,  and  prominent.  The  sharp  beveled  needle  can  then  be 
thrust  into  the  vein  without  incision  of  the  skin.     If  this  is  impossible, 
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the  vein  may  be  dissected  out  under  local  anaesthesia.  It  is  exposed  hy 
a  cut  directly  over  it,  and  is  rapidly  separated  from  the  surrounding 
tissues  with  a  blunt  dissector  for  a  distance  of  three-quarters  of  an  inch 
or  more.  An  aneurysm  needle  carrying  a  double  ligature  of  catgut  is 
passed  beneath  the  vein,  and  the  two  ligatures  are  separated,  one  being 
drawn  to  the  lower  end  of  the  vein,  the  other  to  the  upper.  An  incision 
is  made  in  the  anterior  wall  of  the  vein  large  enough  to  admit  the  nozzle 
of  the  fine  cannula  which  is  sold  for  the  purpose.  This  is  intro- 
duced with  its  nozzle  pointing  towards  the  heart,  that  the  stream  of 
fluid  from  it  shall  be  in  the  same  direction  as  the  venous  flow.  The  upper 
ligature  is  tied  around  the  point  of  the  cannula;  the  lower  one  is  tied 
around  the  vein  below  the  incision  and  its  ends  cut  short.  The  sterilized 
normal  saline  solution  at  the  body  temperature,  which  may  contain  about 
a  drachm  of  i:i,ooo  adrenalin  chloride,  is  now  run  into  the  vein. 
Care  should  be  taken  to  see  that  there  are  no  air-bubbles  in  the  apparatus. 
The  infusion  should  be  made  quite  slowly,  the  receptacle  being  raised 
only  slightly  above  the  level  of  the  heart.  The  amount  introduced  is 
regulated  by  the  effect  of  the  infusion  upon  the  pulse.  As  a  rule  at  least 
two  pints  may  be  injected  before  any  marked  alteration  can  be  detected, 
but  after  this  amount  has  been  introduced  the  pulse  becomes  slower  and 
improves  in  volume.  As  a  rule  about  three  pints  are  usually  sufficient 
for  cases  of  bad  haemorrhage  or  severe  shock.  When  the  infusion  is 
being  carried  out  for  the  relief  of  shock,  it  is  a  good  plan  to  leave  the 
cannula  and  apparatus  in  position,  so  that  the  infusion  may  be  repeated  if 
necessary.  In  cases  of  haemorrhage,  it  is  not  as  a  rule  necessary  to  repeat 
the  infusion,  so  the  cannula  may  be  withdrawn  and  the  upper  end  of  the 
vein  permanently  ligated. 

Difficulties.  The  chief  difficulty  in  the  operation  is  to  identify  the 
vein  in  the  collapsed  condition  present  in  severe  haemorrhage  or  bad 
shock.  It  is  often  impossible  to  distend  the  veins  sufficiently  to  identify 
them,  and  perhaps  the  best  plan  is  to  cut  transversely  across  the  direction 
of  the  median  basilic  and  thus  divide  the  vein  completely.  The  two  open 
ends  can  then  be  seen  in  the  wound,  the  lower  one  tied,  and  the  point  of 
the  cannula  introduced  into  the  upper  one  and  secured  there. 
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Injuries  of  lymphatic  vessels.  The  anastomoses  of  the  lym- 
phatic system  are  so  free  that  wounds  of  even  large  lymphatic  trunks 
usually  give  rise  to  no  trouble  and  pass  unrecognized. 

The  thoracic  duct  itself  has  not  infrequently  been  wounded  during 
operations  at  the  base  of  the  neck  upon  the  left  side.  The  accident  is 
followed  by  free  escape  of  milky  chylous  fluid  for  some  days,  but  the 
discharge  gradually  ceases  and  no  evil  consequences  follow  as  a  rule, 
though  in  some  recorded  cases  the  discharge  of  chyle  has  been  persistent 
and  ultimately  fatal. 

If  the  accident  is  recognized  at  the  operation  it  may  be  possible  to 
suture  an  incompletely  divided  duct.  If  the  division  is  complete,  ligatures 
should  be  applied  to  the  cut  ends.  If  they  cannot  be  found,  the  wound 
should  be  closed  and  pressure  applied.  The  accident  has  only  once 
happened  to  me  in  a  case  in  which  I  dissected  out  the  glands  on  the  left 
side  of  the  neck  for  secondary  deposits  from  left  mammary  cancer. 
Within  two  or  three  days  a  very  profuse  discharge  of  milky  fluid 
escaped  from  the  wound.  The  fluid  appeared  to  be  irritating,  for  the 
edges  of  the  wound  became  swollen  and  congested,  though  there  was 
no  evidence  of  sepsis.  The  accident  was  treated  by  the  vigorous  appli- 
cation of  pressure  with  a  Martin's  bandage.  The  patient  wasted  con- 
siderably, and  her  condition  for  several  weeks  gave  rise  to  anxiety, 
but  under  the  care  of  Dr.  Distin,  of  Enfield,  the  discharge  gradually 
lessened,  and  in  about  six  weeks  the  wound  was  quite  healed. 

Lymphangitis,  or  inflammation  of  the  lymphatic  vessels,  may  be 
acute  or  chonic. 

Acute  lymphangitis  occurs  when,  owing  to  the  presence  of  a  septic 
focus,  pyogenic  bacteria  gain  access  to  the  lymphatic  vessels  and  inflame 
them.  It  may  occur  in  the  absence  of  any  recognizable  focus  of  infec- 
tion, within  twenty- four  hours  of  a  puncture  or  abrasion  of  the  skin  so 
minute  that  it  fails  to  attract  the  notice  of  the  patient.  The  more  prompt 
the  appearance  of  symptoms,  and  the  less  obvious  the  point  of  entry  of 
the  virus,  the  more  severe,  as  a  rule,  is  the  case. 
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An  initial  rigor  frequently  occurs  within  24  hours,  the  temperature 
rises  to  103"*  or  104**  F.,  and  upon  the  affected  Hmb  red  lines  can  be 
seen,  mapping  out  the  course  of  the  trunk  lymphatics.  The  corresponding 
lymphatic  glands  are  swollen  and  tender.  The  limb  feels  tense  and  heavy, 
and  soon  becomes  the  seat  of  a  diffuse  throbbing  and  burning  pain  while 
oedema  of  the  skin  makes  its  appearance.  Within  a  few  days  the  affection 
may  subside,  or  it  may  lead  to  cellulitis  or  to  suppuration  of  the  lym- 
phatic glands,  or  in  the  worst  cases  to  a  general  septicaemia  or  pyaemia. 
It  is  rare  for  suppuration  to  occur  in  the  lymphatic  vessels  themselves. 

The  milder  cases  may  be  effectually  treated  in  the  acute  stage  by  rest 
and  elevation  of  the  limb  and  the  application  of  lead  lotion.  Bier's 
passive  hyperemia  by  constriction  is  often  useful.  If  the  primary  focus 
can  be  found  it  should  be  freely  incised  and  fomented.  If  any  discharge 
is  coming  from  it  an  immediate  microscopic  examination  should  be 
made  without  waiting  for  a  culture.  If  streptococci  are  seen  20  or 
25  ccm.  of  antistreptococcic  serum  should  be  given  immediately,  and  if 
staphylococci  are  detected  from  50  to  100  millions  of  a  staphylococcus 
vaccine  should  be  injected  subcutaneously.  If  no  means  of  microscopic 
examination  are  available  both  these  measures  should  nevertheless  be 
adopted  as  a  precaution  if  the  general  condition  of  the  patient  is  in  any 
way  serious,  and  more  especially  if  delirium  or  other  signs  indicate  a 
profound  toxaemia. 

As  a  local  application  in  the  severer  cases  glycerine  or  belladonna 
may  be  used,  especially  if  pain  is  acute. 

The  preparation  of  an  autogenous  vaccine  should  be  undertaken  if 
the  case  does  not  yield  to  treatment  by  the  time  the  results  of  the  culture 
are  known. 

After  an  initial  purge  the  general  treatment  must  be  of  a  supporting 
and  sustaining  character,  and  plenty  of  fluid  nourishment  should  be 
administered  in  the  shape  of  eggs,  milk,  and  beef  tea. 

The  treatment  of  cases  which  merge  into  glandular  suppuration  or 
pyaemia  is  hardly  within  the  scope  of  this  article.  Cellulitis  needs  free 
multiple  incisions  into  the  subcutaneous  tissues,  followed  by  hot  fomenta- 
tions. 

Tuberculous  lymphangitis.  This  affection  is  of  course  a  chronic 
one.  As  the  result  of  the  inoculation  of  tubercle  bacilli  upon  a  wound 
or  abrasion,  usually  upon  the  hand,  multiple  subcutaneous  thickenings 
appear  along  the  course  of  the  lymphatics  of  the  affected  limb.  Here 
and  there  these  indurations  may  break  down  into  abscesses.  At  the 
same  time  the  corresponding  lymphatic  glands  become  enlarged.  In 
the  case  of  the  upper  arm  the  bicipital  gland  is  the  first  to  undergo 
enlargement,  and  should  especially  be  sought  for.     Diagnosis  is  com- 
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plicated  by  the  fact  that  the  original  tuberculous  sore  may  be  healed  by 
the  time  the  patient  comes  under  observation.  Before  suppuration  takes 
place  the  subcutaneous  deposits  closely  simulate  gummata,  but  their 
linear  distribution,  their  restriction  to  one  limb,  and  the  marked  glandular 
enlargement,  usually  permit  a  distinction  to  be  made. 

In  the  treatment  Bier's  congestion  and  tuberculin  may  be  tried,  but 
usually  it  will  be  necessary  to  incise  and  scrape  out  the  local  deposits,  ap- 
plying zinc  chloride  (twenty  grains  to  the  ounce)  to  the  cavity  left.  The 
glands  should  not  be  incised  unless  they  show  signs  of  breaking  down. 

L}niiphangiectasis  is  a  condition  comparable  to  varicosity  of  the 
veins,  but  affecting  the  lymphatic  vessels.  It  may  occur  in  any  form  of 
lymphatic  obstruction.  When  the  superficial  lymphatics  are  affected, 
little  colorless  vesicles,  from  which  lymph  frequently  oozes,  may  be 
present  in  large  numbers  upon  the  affected  area  of  skin. 

Elephantiasis  Arabutn  is  the  name  given  to  the  extraordinary 
condition  of  hypertrophic  lymphatic  oedema  of  the  skin  and  subcutaneous 
tissues  which  occurs  in  many  hot  countries.  It  is  usually  preceded  by 
repeated  attacks  of  acute  lymphangitis  in  the  affected  limb,  during  which 
there  are  rigors,  fever,  and  cutaneous  erythema.  The  parts  most  com- 
monly affected  are  a  lower  limb  or  the  scrotum. 

The  skin  is  enormously  thickened,  the  thickening  affecting  mainly  the 
dermis.  The  papillae  may  also  be  hypertrophied  and  papillomatous  areas 
are  frequently  found  upon  the  cutaneous  surface.  These  are  especially 
likely  to  occur  between  the  toes.  Owing  to  the  impaired  nutrition  of  the 
skin,  ulceration  is  a  frequent  complication;  the  ulcers  rapidly  become 
septic  and  heal  badly.  The  subcutaneous  fatty  tissue  is  more  fibrotic 
than  normal,  and  is  immensely  increased  in  thickness.  Superficial  to 
the  deep  fascia  and  in  close  contact  with  it,  I  have  observed  a  very  dense 
layer  of  cedematous  fibrous  tissue.  This  layer  must  necessarily  strangle 
and  obstruct  the  fascial  lymphatic  plexus  which  lies  in  this  situation. 
This  plexus  receives  tributaries,  both  from  the  skin  above  and  from  the 
muscles  beneath.  When  it  is  obstructed,  the  lymph  from  the  sub- 
cutaneous tissues  has  no  alternative  route  for  returning,  but  that  from 
the  muscles  is  able  to  flow  back  through  the  lymphatics  which  accompany 
the  deep  vessels.  Accordingly,  the  changes  in  elephantiasis  are  mostly 
confined  to  the  skin  and  subcutaneous  tissues.  The  structures  beneath 
the  deep  fascia  are  found  upon  examination  to  be  practically  intact  except 
for  a  certain  amount  of  muscular  degeneration  owing  to  disuse. 

It  will  be  seen  later  that  these  facts  afford  a  useful  suggestion  for 
surgical  treatment. 

On  Manson's  authority  it  has  been  believed  that  elephantiasis  is  due 
to  obstruction  of  the  lymphatics  by  multitudes  of  filariae,  embryos  of  a 
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worm  which  may  be  found  in  the  lymphatics.  The  recent  careful  work 
of  Dr.  P.  H.  Bahr,^  under  the  auspices  of  the  London  School  of  Tropical 
Medicine,  has  produced  fresh  evidence  in  support  of  Manson's  hypoth- 
esis. Nevertheless  this  view  may  be  only  partially  correct,  for  I  have 
convinced  myself  that  a  condition  indistinguishable  from  an  extreme 
degree  of  elephantiasis  may  occur,  though  rarely,  in  patients  who  have 
spent  their  whole  life  in  England,  and  who  on  repeated  examination  show 
no  sign  of  filarial  infection.  These  patients,  like  tropical  ones,  often 
give  a  history  of  recurrent  lymphangitis.  In  one  such  patient,  Mr. 
A.  F.  R.  Foulerton  and  I  found  a  chronic  infection  of  the  subcutaneous 
tissues  by  a  micrococcus  indistinguishable  from  the  staphylococcus  pyo- 
genes albus.  A  French  observer,  Dufougere,  has  repeatedly  found 
micrococci  present  in  the  tissues  in  cases  of  tropical  lymphangitis,  and 
these  organisms  too  are  probably  the  white  staphylococcus.  It  is  thus 
highly  probable,  in  my  opinion,  that  tropical  elephantiasis  depends  upon  a 
chronic  infection  of  the  subcutaneous  tissues  by  this  organism,  which  is 
a  normal  inhabitant  of  the  skin,  although  the  filaria  may  be  important 
as  a  carrier  of  the  bacterial  infection. 

Treatment.  The  treatment  of  elephantiasis  may  be  considered 
under  the  headings  of  (i)  methods  aiming  at  cure;  (2)  methods  aiming 
merely  at  control;  (3)  methods  of  prevention. 

I.  In  scrotal  elephantiasis,  amputation  of  the  mass,  which  may  be 
enormous,  is  a  successful  and,  in  skilled  hands,  a  safe  operation.  In 
elephantiasis  of  the  limbs,  amputation  is  likely  to  be  followed  by  recur- 
rence of  the  disease  in  the  stump.  Flaying  the  whole  limb  down  to  the 
deep  fascia,  followed  by  skin  grafting,  has  been  practised  in  India,  but 
I  believe  this  plan  to  be  dangerous  and  unsatisfactory  in  its  results. 
Excision  of  the  most  prominent  masses  and  folds  is  a  useful  operation. 
I  have  tried  to  treat  the  disease  by  burying  silk  threads  in  the  subcu- 
taneous tissues  to  act  as  lymphatic  conduits  (lymphangioplasty).  In  my 
own  hands  this  plan  has  not  been  permanently  successful  and  I  am 
unable  to  recommend  it.  In  fairness  to  my  method  I  may  add  that 
several  surgeons  have  recorded  successes  with  it. 

Various  operative  procedures  have  been  introduced  based  upon  the 
fact  that  there  is  an  obstruction  of  communication  between  the  super- 
ficial and  deep  lymphatics,  due  to  the  hypertrophy  and  fibrosis  of  the 
subcutaneous  tissues.  Rogers,  Lanz,  von  Oppel,  Rosenow,  and  Kon- 
doleon  devised  operations  to  overcome  this  defect  To  Rogers  should 
be  given  the  credit  of  first  drawing  the  attention  of  the  English-speaking 
world  to  the  possibilities  of  this  method  of  operative  treatment.     The 

*  P.  H.  Bahr,  Filariasis  and  Elephantiasis  in  Fiji  (London:  Witherby  &  Co., 
1912). 
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Fig.  220.  Rogers- KoNDOL EON  Fig.  221.  Rogers- Kon do leon 

Operation,  {Sulruak)  Operation.  {Sistrunk) 
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procedure  consists  essentially  in  the  removal  of  strips  of  the  deep  fascia 
and  the  excision  of  masses  of  the  hypertrophic  subcutaneous  tissue. 
The  deep  fascia  is  exposed  through  long  incisions  at  various  parts  of 
the  Umb,  and  multiple  small  portions  of  the  fascial  layer  are  excised 
over  as  large  an  area  as  possible.  The  incisions  are  then  sutured.  The 
operation  aims  at  establishing  a  free  communication  between  the  lym- 
phatics of  the  subcutaneous  fat  and  those  of  the  muscles.  The  lymph 
from  the  subcutaneous  tissues  thus  finds  its  way  back  to  the  general 
circulation  by  way  of  the  muscular  lymphatic  spaces  and  the  deeper 
lymphatics  in  connection  with  them. 

Theoretical  objections  to  this  operation  are  that  it  merely  drains  and 
does  nothing  directly  to  remove  the  hypertrophy,  and  that  the  aponeurosis 
removed  may  be  replaced  by  scar  tissue  which  would  block  the  anasto- 
motic channels.  Apparently  these  objections  do  not  hold  because  the 
affected  members  in  time  are  reduced  nearly  to  normal  size  and  as  far 
as  has  been  observ^ed  the  reduction  is  permanent. 

Sistrunk  advises  that  before  operation  the  part  should  be  elevated 
for  four  or  five  days,  scrubbed  daily  with  weak  bichloride  solution, 
and  dressed  with  sterile  gauze.  The  technique  of  the  Kondoleon  opera- 
tion as  he  described  it  differs  slightly  from  that  detailed  above.  Long 
incisions  are  made  along  the  inner  and  outer  aspects  of  the  affected 
limb  and  through  each  of  these  a  large  slice  of  oedematous  fat  is 
removed  (Figs.  220,  221,  222,  223,  and  224).  The  aponeurosis  is 
then  opened  and  a  portion  of  it  three  or  four  fingers  in  width  and  the 
entire  length  of  the  skin  incision  is  excised.  The  wounds  are  closed 
without  drainage  in  such  a  way  that  the  skin  with  the  fat  attached  to  it 
comes  in  contact  with  the  exposed  muscles. 

In  a  case  of  elephantiasis  of  home  origin  I  adopted  operative  treat- 
ment with  very  marked  success,  but  in  a  similar  more  recent  case  the 
method  failed. 

The  details  of  the  first  case  are  of  sufficient  interest  to  record  here. 

Lily,  aged  15,  attended  my  Out-patients'  Clinic  at  the  Middlesex  Hospital  in 
April,  1910,  for  swelling  of  the  left  thigh  which  began  three  months  before. 
The  swelling  of  the  thigh  had  subsided  to  a  certain  extent,  but  there  was  much 
swelling  below  the  knee.  She  was  at  first  treated  with  a  Martin's  rubber  bandage 
to  the  knee,  and  this  greatly  reduced  the  swelling  of  the  leg  while  tending  to 
increase  that  of  the  thigh.  In  October,  19 10,  vaccine  treatment  was  beg^n  with 
a  dose  of  250  millions  of  staphalbus  vaccine,  and  this  was  repeated  at  weekly 
intervals  without  any  apparent  effect  except  a  rather  marked  softening  of  the 
tissues,  w^hich  was  first  noticed  in  June.  At  this  time  the  calf  measured  15J4 
inches  round  and  the  thigh  24 J4-  In  September,  probably  owing  to  the  hot 
weather,  the  calf  had  increased  to  16^  and  the  thigh  to  26  inches.  The  injec- 
tions were  continued  at  intervals  throughout  the  next  year,   and  in  October, 
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Ipti,  the  calf  measured  15  inches  and  the  thigh  25^  inches.  Massage  was 
tried  with  the  effect  that  the  leg  was  temporarily  softer  after  the  treatment, 
but  no  permanent  benefit  was  noticed. 

In  December  the  calf  measured  17  inches  and  the  thigh  23.  The  massage 
was  therefore  omitted,  but  the  injections  were  continued  with  occasional 
intervals.  On  one  occasion,  when  the  interval  was  two  months,  the  patient 
noticed  increase  of  the  swelling.  She  also  volunteered  the  information  that  the 
injections  made  her  tired  and  sleepy  the  next  day,  and  for  three  or  four  days 
afterwards.  These  symptoms  followed  an  injection  of  a  thousand  millions. 
Still,  however,  no  further  improvement  took  place,  though  the  softening  of  the 
tissues  was  maintained.     In  February,  1913,  the  right  thigh  measured  24  inches 
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and  the  calf  14.  About  this  time  I  met  with  a  description  of  the  operation  of 
fenestration  of  the  deep  fascia,  and  I  performed  it  on  the  patient  in  the  Putney 
Hospital  about  March,  1913.  A  reduction  of  the  leg  to  i^'/i  and  of  the  thigh 
to  22ji  inches  followed,  together  with  marked  softening  qf  the  tissues  and 
increased  comfort  in  walking.  She  was  given  an  elastic  stocking  from  the  foot 
to  the  top  of  the  thigh  and  in  October,  1913,  she  reported  herself  as  being  in 
splendid  condition.  The  left  calf  measured  only  one  quarter  of  an  inch  more 
than  the  right,  and  the  left  thigh  an  inch  more  than  the  right.  She  became 
careless  with  the  bandage  and  following  its  disuse  some  amount  of  swelling 
returned  ;  on  November  20th,  the  left  calf  measured  135^  inches,  and  the  left  thigh. 
six  inches  above  the  knee,  19^^  inches.  About  Christmas.  1913.  she  contracted 
influenza  and  this  time  two  blebs  appeared  on  the  skin  and  a  certain  amount  of 
lymphorrhcea  took  place.  Early  in  1914  both  thighs  were  the  same  dimension, 
the  left  one  being  as  soft  as  its  fellow,  but  the  left  calf  measured  I'/i  inches  more 
than  the  right.  Thus,  in  spite  of  fluctuations  from  time  to  time,  the  resuh  of 
fenestration  in  this  case  was  a  thoroughly  satisfactory  one.  Sufficient  time  has 
now  elapsed  (o  make  the  prospect  of  a  permanent  cure  very  hopeful. 

The  vaccine  treatment  of  elephantiasis  will  be  considered  later.     Its 
scope  is  mainly  preventive,  but  in  some  early  cases  it  appears  to  be  curative. 
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The  constant  use  of  a  Martin's  bandage,  properly  applied,  will  pre- 
vent any  further  marked  increase  of  diameter  in  a  limb  which  is  already 
the  seat  of  elephantiasis.  This  effect  of  pressure  is  illustrated  in  cases 
where  boots  have  been  worn.  In  such  cases  the  foot  and  ankle  are  only 
slightly  increased  in  size,  as  compared  with  the  enormous  overgrowth  of 
the  limb  above  the  limits  of  pressure. 

The  patient  should  sleep  with  the  foot  of  the  bed  raised.  Massage 
may  be  useful,  but  it  should  be  combined  with  vaccine  treatment. 

Method  of  prevention.  I  desire  to  draw  the  particular  attention 
of  medical  men  practising  in  the  tropics  to  a  promising  field  of  thera- 
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peutic  investigation — the  prevention  of  elephantiasis  and  its  treatment 
in  its  earlier  and  active  stage  by  the  use  of  vaccines.  The  first  attempt 
to  treat  the  disease  by  staphylococcus  albus  vaccine  was  made  in  a  case 
under  my  care  at  the  Middlesex  Hospital  in  1909.  The  recurrent  attacks 
of  lymphangitis  from  which  this  patient  suffered  remained  in  abeyance 
for  over  a  year  after  the  cessation  of  treatment,  though  they  had  pre- 
viously been  frequent. 

Vaccine  treatment  is  uniformly  followed  in  my  experience  by  marked 
softening  of  the  hard  subcutaneous  tissue.  The  diameter  of  the  limb 
is  not  diminished  by  this  treatment  alone,  but  if  massage  is  combined 
with  it,  and  the  case  is  not  too  far  advanced,  an  improvement  verging 
on  cure  may  be  obtained.  In  a  recent  case  of  lymphatic  oedema  of  the 
thigh  in  a  girl  of  twenty  the  swelling,  though  of  ten  years  standing, 
practically  disappeared  after  three  months  of  vaccine  treatment  com- 
bined with  massage.  The  circumference  of  the  thigh  diminished  by  more 
than  six  inches. 
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The  vaccine  should  be  gi\en  weekly  by  subcutaneous  injection  in  the 
arm,  in  doses  of  250  to  500  millions.    A  stock  vaccine  may  be  employed. 

Owing  to  the  rarity  of  the  disease  in  England,  my  opportunities  for 
treating  it  are  restricted,  but  if  tropical  experience  confirms  my  observa- 
tions a  great  step  will  have  been  taken  towards  the  eradication  of  this 
intractable  and  common  disease.  It  is  to  be  observed,  however,  that 
vaccine  treatment  cannot  be  expected  to  benefit  advanced  cases  where 
the  bacterial  cause  may  be  no  longer  active,  and  where  only  its  results 
remain  in  the  shape  of  vast  deposits  of  indurated  and  sluggish  subcu- 
taneous tissue. 
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The  lymph  vessels  in  cancer.  In  carcinoma  and  in  melanotic 
sarcoma  the  lymph  vessels  are  the  principal  channels  for  the  diffusion  of 
the  disease.  In  an  early  stage  of  many  malignant  growths  particles  of 
the  growth  are  swept  along  by  the  lymph  stream  to  lodge  in  the  nearest 
glands.  Enlargement  of  the  infected  glands  soon  becomes  obvious. 
Coincidently  with  embolism  along  the  trunk  lymphatics,  cancer  cells 
spread  along  the  finer  vessels  of  the  lymphatic  plexuses  by  the  actual 
growth  of  minute  plugs  of  cancer  cells  along  the  vessels.  To  this 
process  the  writer  has  applied  the  name  permeation.  It  must  be  sharply 
distinguished  from  infiltration.  Permeation. spreads  like  a  ripple  in  the 
plane  of  the  lymphatic  plexus  into  which  the  cancerous  organ  drains. 
Its  slow  centrifugal  spread  conducts  cancer  cells  ultimately  to  the  serous 
cavities,  whereupon  death  follows  the  rapid  diffusion  of  the  growth. 
A  knowledge  of  the  laws  governing  permeation  is  essential  in  the  opera- 
tive treatment  of  malignant  disease.' 

'  -See  Handley's  Cancer  of  the  Breast  and  Its  Operative  Treatment  (London: 
John  Murray), 
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Lymphatic  oedema  of  the  arm  in  breast  cancer.    In  the 

course  of  breast  cancer  permeation  and  subsequent  fibrosis  of  the  lym- 
phatic vessels  about  the  shoulders,  together  with  obstruction  of  the 
axillary  glands  by  growth,  may  completely  obstruct  the  return  of  lymph 
from  the  arm,  which  thereupon  falls  into  a  condition  of  solid  lymphatic 
oedema.    The  arm  becomes  paralyzed  and  may  be  the  seat  of  severe  pain. 

In  the  early  stage  of  the  disease  elevation  of  the  arm  in  an  extended 
position  upon  an  inclined  plane  may  give  temporary  relief.  Later  this 
position  cannot  be  borne,  and  in  suitable  cases  great  relief  follows  the 
writer's  operation  of  lymphangioplasty  or  subcutaneous  internal  drainage 
by  buried  lines  of  silk.  The  swelling  rapidly  subsides,  pain  ceases,  and 
function  may  return.  These  effects  are  usually  permanent  unless  pleural 
eflfusion  supervenes  to  interfere  with  drainage.  Prior  to  the  introduction 
of  this  method  amputation  of  the  arm  was  the  only  alternative  to  the 
habitual  use  of  sedatives. 

Benefits  to  be  expected  from  lymphangioplasty.  Before  de- 
scribing the  operation  I  wish  to  state  clearly  that  it  is  palliative  only,  and 
that  it  has  no  claims  to  prolong  life  or  to  modify  the  natural  downward 
course  of  the  disease.     In  favorable  cases  it  has  the  following  effects: 

( 1 )  Complete  relief  from  pain  within  twenty-four  hours,  unless  the 
pain  is  partially  due  to  some  cause — such  as  nerve  pressure — ^independent 
of  the  oedema. 

(2)  A  marked  and  rapid  fall  in  the  tissue  tension  of  the  whole  area 
drained  by  the  threads.  The  arm  in  consequence,  instead  of  being  hard 
and  brawny,  becomes  abnormally  soft  and  flabby.  This  may  sometimes 
occur  even  though  postural  treatment  is  neglected,  and  in  the  absence 
of  any  marked  diminution  of  the  diameters  of  the  arm. 

(3)  Rapid  subsidence  of  the  swelling,  commencing  immediately  in 
the  hand,  and  extending  to  the  forearm  within  twenty-four  hours.  At 
first  the  upper  arm  is  unaffected,  or  its  diameters  may  even  slightly 
increase.  But  within  a  week  or  two  the  diameters  of  the  upper  arm  are 
also  markedly  lessened.  The  subsidence  is  usually  permanent,  unless 
and  until  pleural  effusion  supervenes  to  interfere  with  drainage.  These 
effects  are  first  dependent  upon  the  adoption  of  proper  postural  after- 
treatment,  but  after  a  few  months'  elevation  of  the  arm  may  be  entirdy 
abandoned  without  any  marked  increase  of  swelling. 

(4)  Return  of  power  to  the  paralyzed  arm  if  the  paralysis  is  of 
recent  date.  If  the  paralysis  is  of  more  than  a  few  months'  standing, 
no  return  of  power  is  to  be  expected. 

( 5  )  An  improvement  in  the  general  condition,  dependent  partly  upon 
relief  from  pain  and  its  associated  symptoms  of  insomnia  and  depression, 
and  partly  upon  the  abandonment  of  sedatives. 
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Technique  of  lymphangioplasty  for  brawny  arm.  The  spe- 
cial materials  necessary  are  a  set  of  suitable  probes,  lymphangioplasty 
forceps  with  jaws  specially  designed  to  take  a  firm  grip  of  either  end  of 
the  probe,  and  a  supply  of  No.  12  tubular  woven  silk. 

The  tissues  of  the  arm  are  drained  by  two  long  U-shaped  lines  of 
silk,  each  Hne  composed  of  two  threads  of  No.  12  tubular  silk.  One  of 
these  lines  drains  the  front  of  the  arm,  the  other  the  back.  The  bend  of 
each  U  lies  immediately  above  the  wrist,  and  its  two  limbs  occupy 
respectively  the  radial  and  ulnar  side  of  the  limb.  Thus,  along  the  whole 
length  of  the  limb  are  found  four  double  lines  of  silk,  spaced  out  round 
the  limb  as  nearly  as  possible  at  quadrant  intervals.  Towards  the  shoul- 
der the  lines  of  silk  on  the  flexor  aspect  curve  outwards  around  the 
deltoid  muscle,  and  converge  to  meet  the  ascending  threads  from  the 
posterior  border  of  the  deltoid.  From  this  point  the  silk  threads  again 
radiate  in  the  subcutaneous  tissue  of  the  back,  terminating  by  free  ends 
in  the  subcutaneous  tissue  of  the  scapular  region.  It  is,  perhaps,  still 
better  to  lead  some  of  them  to  the  scapular  region  of  the  opposite  side, 
and  others  to  the  lumbar  region  of  the  same  side,  if  there  is  any  sign  of 
the  cedema  extending  from  the  arm  to  the  trunk. 

The  operation  is  done  as  follows: 

A  double  line  of  silk,  rather  more  than  twice  as  long  as  the  arm, 
is  marked  at  its  midpoint  by  clipping  on  it  a  pair  of  artery  forceps.  One- 
half  its  length  is  wrapped  in  gauze.  The  two  free  ends  of  the  other  half 
are  threaded  through  the  eye  of  a  long  probe.  An  incision  one-half  an 
inch  long  is  made  through  the  skin  at  the  middle  of  the  front  of  the  fore- 
arm, just  above  the  wrist  joint.  The  probe  is  thrust  upwards  in  the  sub- 
cutaneous tissues  well  away  from  the  skin  towards  the  region  of  the 
elbow.  It  is  then  withdrawn  through  an  incision  made  over  its  point  and 
the  silk  drawn  after  it  as  far  as  it  will  come.  The  probe  is  again  intro- 
duced through  the  incision  from  which  it  has  just  emerged,  thrust 
upwards  again  in  the  selected  h"ne,  and  the  foregoing  steps  repeated  until 
the  point  selected  for  the  convergence  of  the  threads  is  reached.  Here  an 
incision  one  inch  long  is  made,  through  which  the  probe  with  its  two  silk 
threads  is  drawn  out.  The  other  half  of  the  silk  loop  is  now  led  upwards 
in  the  selected  line  along  the  other  border  of  the  flexor  surface.  The  limb 
is  turned  over  and  the  extensor  loop  of  silk  is  similarly  introduced.  When 
this  has  been  done  eight  free  ends  of  silk  are  hanging  out  from  the  incision 
of  convergence  at  the  posterior  border  of  the  deltoid.  Two  at  a  time  these 
are  tucked  away  in  various  directions  in  the  subcutaneous  tissues  of  the 
back  by  the  following  manoeuver. 

A  pair  of  forceps  is  clamped  on  the  selected  pair  of  silk  threads  just 
where  it  emerges  from  the  topmost  incision.    The  threads  are  threaded  on 
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a  long  probe,  and  the  ends  then  cut  so  that  the  threads  are  four  inches 
shorter  than  the  probe.  The  probe  is  thrust  downwards  from  the  incision 
in  the  desired  direction  until  it  unthreads  itself.  It  is  then  carefully 
withdrawn,  leaving  the  two  silk  threads  to  occupy  its  track.  When  all 
the  threads  have  thus  been  tucked  away,  the  operation  is  completed  by 
sewing  up  the  incisions  with  horsehair  or  fine  silkworm  sutures.  No 
drains  are  left  in  the  wound. 

The  principal  difficulties  of  the  operation  are  connected  with  the 
maintenance  of  the  silk  in  an  aseptic  condition.  Owing  to  the  large  area 
dealt  with,  extending  on  to  the  back,  the  necessary  changes  in  the  posture 
of  the  arm,  and  the  length  of  the  silk  threads,  accidental  contact  may 
very  easily  occur  between  the  silk  and  the  surface  of  the  skin,  the  edges 
of  the  incisions,  or  surrounding  objects.  I  regard  the  use  of  masks  as 
essential,  and  the  silk  ends  not  actually  dealt  with  at  the  moment  must 
be  kept  wrapped  in  sterile  gauze,  which  is  also  useful  to  protect  them 
from  the  edges  of  the  incisions  as  they  are  being  drawn  in  after  the 
probe.  This  method  contains  modifications  which  my  experience  has 
shown  to  be  desirable.  My  object  has  been  to  simplify  the  operation,  to 
reduce  the  number  of  incisions  necessary,  and  as  a  reasonable  precaution 
to  insert  the  threads  in  such  a  manner  that  they  can,  if  necessary,  be 
withdrawn  with  a  minimum  of  trouble.  All  the  threads  can  be  with- 
drawn by  reopening  the  two  incisions  just  above  the  wrist.  Fortunately 
I  have  never  been  obliged  to  do  this.  There  is  no  need  to  fix  the  upper 
ends  of  the  threads  by  knotting  them  together,  as  I  formerly  thought 
for  the  silk  soon  becomes  adherent  along  its  whole  length  to  the  tissues 
in  contact  with  it. 

Cases  of  brawny  arm  may  be  grouped  in  the  following  categories: 
(i)     Cases  in  which  a  dropsical  arm  is  the  only  manifestation  of 
active  disease. 

(2)  Cases  complaining  of  severe  pain  in  the  arm  with  masses  of 
growth,  but  without  ulceration,  pleural  effusion,  and  nerve  pain. 

(3)  Cases  with  axillary  or  thoracic  ulceration  but  without  pleural 
effusion. 

(4)  Cases  in  which  enlarged  supraclavicular  glands  are  present. 

(5)  Cases  with  pleural  fluid  or  other  evidence  of  thoracic  cancer. 
Cases  belonging  to  the  first  two  groups,  and  some  of  those  in  the 

third  group,  are  suitable  for  operation  provided  the  scapular  region  is 
free  from  lymphatic  oedema.  Cases  in  groups  4  and  5  are  unsuitable 
for  operation. 

The  rationale  of  the  operation  of  lymphangioplasty  has  been  called 
in  question  by  Cole,  Madden,  Ibrahim,  and  Ferguson.*     Their  experi- 

^  Brit,  M,  J.,  Nov.  2,  1912. 
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ments  on  the  guinea-pig  showed  the  following  changes  in  the  buried 
threads : 

( 1 )  For  a  short  time  the  threads,  by  virtue  of  their  capillary  action, 
drain  the  surrounding  tissues  of  the  lymph  contained  in  them. 

(2)  The  threads  in  the  tissues  soon  excite  a  definite  cellular  reaction, 
which  leads  comparatively  soon,  after  fourteen  to  twenty-one  days,  to 
the  formation  of  a  dense  and  progressively  contracting  fibrous  tissue. 
This  walls  off  the  thread  and  crushes  the  adjacent  lymphatics,  and 
thus  effectually  prevents  any  absorption  of  fluid  ftito  the  space  imme- 
diately around  the  thread  itself.  These  fibrous  changes,  occurring 
around  the  ends  of  the  thread,  as  well  as  along  its  whole  length,  eventu- 
ally completely  isolate  it,  and  it  may  then  perhaps  be  compared  to  a 
long  worm  lying  within  an  impermeable  sheath. 

(3)  The  thread  is  later  penetrated  by  rows  of  cells,  running  in  along 
its  fibrils,  which  must  eventually  lead  to  its  complete  disintegration,  and 
the  formation  of  a  solid  column  of  dense  fibrous  tissue  along  which  no 
absorption  of  fluid  of  any  kind  can  possibly  occur. 

These  pathological  conclusions  based  on  experiments  with  healthy 
animals,  do  not  change  the  fact  that  in  some  way  or  other  the  operation 
produces  considerable  benefit  in  a  proportion  of  suitable  cases,  perhaps 
by  breaking  a  vicious  circle.  Its  failure  in  other  cases,  also  apparently 
suitable,  tends  to  confirm  Madden's  conclusions.  Of  late  years  I  have 
felt  unable  to  urge  the  operation,  while  offering  it  as  a  probable  means 
of  relief. 

The  surgery  of  ascites.  Since  the  serous  cavities  of  the  body 
may  be  regarded  as  lymphatic  spaces,  the  surgery  of  ascites  must  receive 
a  brief  mention  here. 

It  has  been  shown  conclusively  that  when  medical  treatment  and 
repeated  tapping  fail,  certain  cases  of  ascites,  due  to  alcoholic  cirrhosis 
or  to  visceral  syphilis,  may  be  actually  cured,  or  relieved  for  a  long 
period,  by  surgical  measures.  Those  cases  in  which  the  ascites  is  depend- 
ent upon  malignant  disease,  or  where  serious  visceral  disease  is  present, 
especially  renal  lesions,  or  where  the  ascitic  fluid  is  being  secreted  with 
excessive  rapidity,  are  unsuitable  for  surgical  treatment.  The  methods 
which  have  been  used  fall  into  two  classes :  those  which  aim  at  diverting 
the  obstructed  portal  blood  stream  into  the  systemic  circulation,  and  those 
which  act  by  helping  the  absorption  of  ascitic  fluid.  Of  the  first  group  the 
Talma-Morison  operation  is  the  most  satisfactory. 

The  Talma-Morison  operation  for  ascites  consists  in  the  implantation 
of  the  omentum  upon  the  parietal  peritoneum  of  the  anterior  abdominal 
wall.  New  vessels  form  in  the  adhesions  and  blood  is  carried  from  the 
omental  veins  into  the  epigastric  veins.    Subsequent  to  the  operation  the 
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latter  veins  may  become  enlarged.  Though  successful  in  a  proportion  of 
cases,  the  operation  is  not  free  from  danger.  Toxic  symptoms  may  arise 
from  the  diversion  of  unfiltered  portal  blood  into  the  general  system. 

The  methods  which  act  by  helping  the  absorption  of  the  ascitic  fluid 
include  (a)  Wynter's  operation  and  (b)  lymphangioplasty. 

(a)  In  the  operation  of  femoral  drainage  (Wynter's  operation ") 
which  was  first  carried  out  by  the  writer,  the  femoral  canal  is  exposed 
below  Poupart's  ligament  and  divided  with  scissors ;  the  two  halves  of  the 
canal  are  then  sutured  to  Poupart's  ligament,  so  as  to  maintain  the 
patency  of  the  opening.  The  ascitic  fluid  escapes  into  the  cellular  tissue 
of  the  thigh,  and  is  re-absorbed  by  the  lymphatics.  The  operation  is 
simple  and  safe.  It  appears  to  be  the  operation  of  choice  in  ascites,  but 
it  is  liable  to  fail,  from  blocking  of  the  opening  either  by  a  piece  of 
omentum,  or  later  by  the  process  of  cicatrization.  A  number  of  cases 
of  permanent  cure  already  stand  to  the  credit  of  this  method,  and 
within  the  last  six  months,  in  association  with  Dr.  Burnford,  the  writer 
has  operated  on  two  cases  with  most  satisfactory  results. 

The  only  difficulty  in  femoral  drainage  is  that  of  finding  the  femoral 
canal.  The  abdomen  bulges  downwards  over  Scarpa's  triangle,  and  the 
canal  itself  appears  to  be  drawn  up  under  Poupart's  ligament  by  the 
tension  of  the  peritoneal  fluid,  and  perhaps  by  contraction  of  the  peri- 
toneum from  chronic  inflammation.  The  special  instruments  required 
for  operation  are  a  large-sized  curved  trocar  and  cannula,  and  a  long 
blunt-pointed  seeker,  curved  so  as  to  pass  through  the  cannula.  The  peri- 
toneal cavity  is  tapped  in  the  midline  about  two  inches  above  the  pubes. 
The  trocar  is  withdrawn  and  the  long  seeker  inserted  through  the  cannula, 
which  it  fits  fairly  closely.  By  a  flap  incision  with  its  convexity  directed 
outwards,  the  region  of  the  femoral  ring  is  exposed.  With  the  aid  of  the 
seeker  the  situation  of  the  femoral  ring  is  located  and  the  seeker  pushed 
into  it,  thus  making  the  femoral  canal  bulge  into  the  floor  of  the  femoral 
wound.  With  two  pairs  of  artery  forceps  the  peritoneum  of  the  femoral 
canal  is  seized  on  either  side  of  the  point  of  the  seeker,  and  freely 
divided  between  the  forceps  with  a  pair  of  scissors.  A  large  amount 
of  ascitic  fluid  escapes,  but  no  special  effort  need  be  made  to  empty 
the  abdomen.  Two  sutures  are  introduced,  one  on  either  side  of  the 
opening,  each  taking  up  the  peritoneum  and  passing  through  Poupart's 
ligament.  The  sutures  when  tied  serve  to  secure  the  patency  of  the  new 
opening.     Finally  the  skin  incision  is  sutured. 

(b)  The  writer's  operation  of  lymphangioplasty  can  be  adapted  to 
the  treatment  of  ascites.  It  is  to  be  recommended  in  cases  where  the 
simpler  operation  of  femoral  drainage  has  failed  and  where  the  fluid  is 
being  secreted  with  only  moderate  rapidity. 
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Solid  oedema  dating  from  early  life.  Under  this  heading  may 
be  grouped  a  collection  of  heterogeneous  cases,  in  which  there  is  a  more 
or  less  solid  oedema  of  one  or  both  feet,  extending  a  variable  distance 
up  the  limb,  which  is  not  due  to  any  traceable  infection,  is  unaccompan- 
ied by  visceral  disease  and  tends,  if  uncontrolled,  to  become  progressively 
worse.  The  condition  may  be  congenital,  or  may  begin  in  infancy  or 
childhood.  In  certain  cases  of  this  group,  the  disease  is  hereditary,  and 
has  been  given  the  name  of  Milroy's  disease.  Family  histories  of  this 
type  have  been  placed  on  record  not  only  by  Milroy,  but  by  Dr.  H.  D. 
RoUeston,  Drs.  Hope  and  French,  Dr.  G.  A.  Sutherland,  and  Dr.  W. 
Bullock.  The  disease  is  generally  held  to  be  caused  by  vasomotor  dis- 
turbance, and  to  be  closely  related  to  angioneurotic  oedema.  One  of 
Dr.  Sutherland's  cases  had  suffered  from  purpura  and  urticaria. 

Cases  may  be  met  with  which  differ  from  Milroy's  disease  only  in 
the  absence  of  the  hereditary  element.  Two  such  cases  have  been  sub- 
mitted to  lymphangioplasty,  one  by  Dr.  P.  P.  Busch,  and  one  by  myself, 
in  both  cases  without  benefit. 

Solid  oedema  following  septic  wounds.  Cellulitis  following  a 
septic  wound  is  sometimes  followed  by  persistent  brawny  oedema,  pre- 
sumably due  to  associated  lymphangitis  and  subsequent  lymphatic  ob- 
struction. It  is  very  doubtful  whether  such  cases  are  suitable  for 
lymphangioplasty,  for  phlebitis  and  venous  obstruction  are  usually  also 
present. 

In  March,  1909,  Dr.  H.  R.  Mansell,  of  Hastings,  asked  me  to  see  a  lady  with 
a  view  to  possible  lymphangioplasty.  On  December  24,  1908,  she  ran  a  needle 
into  her  hand,  and  the  following  day  the  end  of  the  needle  was  excised.  The 
wound  healed  by  first  intention,  but  there  was  acute  pain  and  swelling  of  the 
forearm  for  three  weeks  subsequently  without  any  pyrexia  or  suppuration.  The 
back  of  the  hand  and  wrist  assumed  a  blackish-blue  color.  There  was  more 
tenderness  over  the  basilic  vein,  but  no  definite  hardness  along  it  to  indicate 
phlebitis.  Pain  had  disappeared,  but  much  stiffness  and  brawny  swelling  of  the 
fingers  and  hand  remained. 

While  I  agreed  with  Dr.  Mansell's  diagnosis  of  chronic  septic  lymphangitis 
following  a  septic  needle  puncture,  I  felt  that  there  was  also  a  phlebitic  or 
cellulitic  element  in  the  case.  Feeling  that  the  benefit  of  lymphangioplasty  was 
doubtful,  and  as  the  condition  was  improving,  I  advised  against  operation. 

Puerperal  "white  leg."  Although  until  recently  I  hoped  that  lym- 
phangioplasty would  be  of  benefit  in  puerperal  white  leg,  I  had  always 
felt  that  the  almost  invariable  presence  of  an  element  of  venous  obstruc- 
tion made  the  question  a  very  doubtful  one.  And  although  several  such 
cases  have  been  referred  to  me  for  the  operation  I  have  not  found  among 
them  one  which  I  considered  favorable  for  the  first  essay.  At  the 
present  time,  and  in  view  of  the  failure  of  the  operation  for  elephantiasis 


552  SURGERY  OF  THE  LYMPHATICS 

of  the  leg,  I  am  of  the  opinion  that  lymphangioplasty  is  not  applicable 
in  such  cases. 

Solid  oedema  due  to  chronic  renal  disease.  From  a  patho- 
logical point  of  view  it  is  interesting  to  note  that  long-standing  cedema 
from  chronic  tubular  nephritis  may  produce  in  the  legs  many  of  the 
changes  characteristic  of  elephantiasis,  as  in  the  following  case: 

P.,  a  man  aged  22^  was  admitted  under  my  care  with  a  view  to  the  possibility 
of  lymphangioplasty.  When  nine  years  of  age  swelling  of  the  ankles  commenced, 
and  increased  progressively  thereafter.  Eleven  years  later  the  hands  began  to 
swell.  On  admission  the  legs  and  feet  were  much  swollen,  but  the  oedema 
pitted  slightly  on  pressure.  The  face  also  swelled  if  his  head  was  lowered, 
and  the  lumbar  region  as  he  lay  in  bed.  Elevation  of  the  part  affected  soon 
reduced  the  oedema.  The  urine  contained  4.5  per  cent  of  albumen.  The  skin 
of  the  swollen  legs  showed  the  characteristic  changes  of  elephantiasis,  especially 
on  the  feet.  Between  the  toes  the  skin  was  in  a  remarkable  condition,  being 
uniformly  covered  with  somewhat  pointed  papillary  eminences  like  an  exceed- 
ingly coarse  velvet. 

Solid  oedema  due  to  syphilis.  My  senior  colleague,  Dr.  J.  J. 
Pringle,  sent  to  me  some  years  ago  a  case  which  appears  to  show  that 
tertiary  syphilis  may  cause  lymphatic  oedema  and  all  the  changes  charac- 
teristic of  elephantiasis.  The  presence  of  foul  gummatous  ulcers  upon 
the  thickened  skin  deterred  me  from  attempting  operation,  and  present 
experience  shows  that  it  would  have  been  useless.  Subcutaneous  gum- 
mata  are  most  commonly  found  upon  the  leg,  between  the  knee  and  the 
top  of  the  boot,  and  in  association  with  varicose  veins.  Less  commonly 
they  extend  to  the  thigh.  These  facts  point  to  deficient  lymphatic  cir- 
culation as  a  predisposing  cause.  In  a  case  of  ascites  operated  upon 
by  me  in  which  the  left  leg  was  used  as  a  sewage  farm  to  absorb  the 
ascitic  fluid,  a  crop  of  gummata  developed,  while  the  right  leg  remained 
free.  The  maintenance  of  an  active  lymphatic  circulation  by  habitual 
exercise  and  plain  living  must  therefore  be  regarded  as  important  in 
the  prophylaxis  of  tertiary  syphilitic  lesions. 

Lymphangiomata  are  tumors  mainly  composed  of  lymphatic 
vessels.  On  account  of  their  rarity  they  possess  little  importance.  They 
are  of  two  varieties:  (a)  the  capillary  lymphangioma  or  lymphatic 
nnevus,  a  yellowish,  slightly  raised,  congenital,  sharply  defined  area  of 
skin,  distinguished  by  its  color  from  the  ordinary  ha^mic  capillary 
nnevus;  (b)  the  cavernous  lymphangioma  (cystic  hygroma)  which  is  a 
multilocular,  fluctuating  swelling  occurring  in  the  subcutaneous  tissues. 
Its  spaces  contain  clear  lymph  and  are  dilated  lymphatic  vessels  or  spaces. 
It  occurs  most  commonly  in  the  neck  or  axilla,  during  the  first  decade  of 
life. 

Lymphangiomata  are  usually  best  treated  by  excision. 
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Septic  lymphadenitis.  When  a  local  focus  of  pyogenic  infection 
is  present  the  corresponding  lymphatic  glands  frequently  become  in- 
flamed. Most  commonly  the  septic  focus  is  found  in  the  naso-pharynx, 
and  the  cervical  glands  are  accordingly  affected — a  common  complication 
of  the  exanthems  of  childhood.  Pediculosis  or  eczema  of  the  scalp  and 
alveolar  abscess  are  also  frequent  causes  of  septic  cervical  glands.  Often 
the  glands  in  the  groin  or  in  the  axilla  are  affected,  usually  as  the  result 
of  a  "poisoned  wound"  on  the  foot  or  hand.  The  healing  of  the  primary 
focus  of  infection  may  precede,  sometimes  by  months  or  years,  the 
evolution  of  the  secondary  lymphadenitis.  That  is  to  say,  bacteria  may 
remain  latent  in  lymphatic  glands  for  long  periods  until  circumstances 
favor  their  attack. 

At  first  the  glands  are  enlarged,  firm,  mobile,  and  tender.  If  the 
affection  then  subsides  the  tenderness  disappears  and  the  glands  slowly 
return  to  their  normal  size.  But  often  suppuration  takes  place.  It  is 
preceded  by  fixation  of  the  gland  from  peri-adenitis.  The  skin  becomes 
adherent,  thinned,  and  erythematous,  fluctuation  is  manifest,  and  the 
abscess  bursts,  leaving  a  sinus  which  is  sometimes  very  persistent. 

The  primary  focus  must  be  sought  for  and  treated.  Hot  fomentations 
of  glycerine  or  belladonna  may  be  applied  to  the  glands  in  the  early  stage. 
Suppuration  requires  incision,  followed  by  treatment  with  Bier's  suction 
glasses. 

Bubo  is  a  chronic  suppurative  inflammation  of  the  glands  in  the 
groin,  secondary  to  the  presence  of  soft  venereal  sores  upon  the  genitals. 
It  is  more  common  in  men  than  in  women.  The  skin  over  the  tender  and 
inflamed  glands  becomes  reddened  and  gives  way.  An  obstinate  sinus 
is  left  which  may  continue  to  discharge  for  months. 

The  soft  sores  must  be  treated  by  antiseptic  lotions  and  dusting 
powder.  In  the  early  stage  hot  fomentations  may  be  applied  to  the  glands, 
or  a  mixture  of  ntfercurial  and  belladonna  ointment  may  be  rubbed  into 
the  skin.  As  soon  as  pus  forms  it  must  be  let  out  by  a  vertical  incision. 
A  horizontal  incision  gapes  and  heals  badly.  The  only  method  to  secure 
a  rapid  cure  is  completely  to  excise  the  affected  glands.  If  they  have 
already  broken  down  so  that  the  operative  infection  of  the  tissues  is  likely, 
the  cavity  left  must  be  packed  with  sulphur  and  gauze  for  twenty-four 
hours.  Subsequently  the  cavity  is  irrigated  with  boracic  lotion  and  fo- 
mented until  the  sloughs  caused  by  the  sulphur  have  separated.  If  pre- 
cautions are  taken  against  reinfection  the  cavity  remains  an  aseptic  wound 
and  heals  rapidly. 

Syphilitic  lymphadenitis.  In  the  early  stage  of  syphilis  the 
glands  into  which  the  primary  sore  pours  its  lymph  become  infected. 
They  are  enlarged  and  hard  but  remain  discrete  and  painless.     In  the 
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secondary  stage,  when  the  infection  has  become  systemic  and  general, 
all  the  accessible  glands  of  the  body  share  to  a  less  extent  in  the  enlarge- 
ment. Syphilitic  glands  never  suppurate,  and  require  no  independent 
treatment. 

Tuberculous  lymphadenitis.  Tuberculous  glands  of  the  neck 
are  among  the  commonest  affections  of  childhood,  while  in  adults  they 
are  comparatively  rare.  It  is  of  the  highest  importance  to  recognize  the 
facts  recently  established  by  Stiles  and  his  fellow-workers  in  Edinburgh. 
They  have  shown  by  laborious  investigations  that  many  cases  of  tuber- 
culous glands  in  the  neck  and  other  tuberculous  lesions  in  childhood  arise 
in  houses  where  no  human  case  of  tuberculosis  is  present,  the  inference 
being  that  the  source  of  infection  is  bovine  and  probably  traceable  to 
milk. 

In  order  to  prove  the  point  it  was  necessary  to  determine  in  a  number 
of  cases  of  infantile  tubercle  whether  the  bacillus  was  bovine  or  human. 
The  distinction  is  possible  owing  to  the  fact  that  experimental  animals 
do  not  react  in  the  same  way  to  the  human  bacillus  as  to  that  of  bovine 
origin.  Working  on  these  lines  it  has  been  absolutely  proved  that  a 
majority  of  cases  of  infantile  tubercle  are  due  to  bovine  infection, 
which  broadly  speaking  means  milk  infection.  The  most  recent  investi- 
gations of  Dr.  A.  S.  Griffith^  show  that  in  childhood  cervical-gland 
tuberculosis  is  caused  more  frequently  by  the  bovine  than  by  the  human 
type  of  tubercle  bacillus,  nearly  three-quarters  (72.1  per  cent)  of  the 
cases  in  children  under  10  years  of  age  having  yielded  bovine  tubercle 
bacilli.  In  persons  over  10  years  of  age  infection  of  human  origin  is 
more  common,  bovine  infection  accounting  for  about  a  third  of  the 
cases  in  the  second  decade,  and  for  rather  less  than  a  fifth  of  the  cases  in 
persons  over  20  years  of  age. 

In  view  of  these  well-established  facts  it  is  probable  that  a  proper 
system  of  milk  supervision  would  permit  half  the  children's  hospitals  in 
this  country  to  be  closed.  The  matter  urgently  requires  legislative 
attention.  The  point  of  entry  of  the  bacilli  is  in  nearly  all  cases  the  ring 
of  lymphoid  tissues  which  surrounds  the  fauces;  that  is  to  say,  either 
through  adenoid  vegetations  of  the  naso-pharynx  or  by  way  of  the 
tonsils.  Tubercle  bacilli  have  frequently  been  found  in  excised  tonsils 
and  adenoids. 

It  is  frequently  stated  that  infection  may  occur  through  carious  teeth, 
but  I  believe  this  is  erroneous.  Dental  infection  may,  however,  cause 
tuberculous  glands  to  suppurate  which  would  not  otherwise  have  done  so. 

In  nearly  all  cases  tuberculous  enlargement  is  first  evident  in  a  gland 

^See  Handley*s  Cancer  of  the  Breast  and  Its  Operative  Treatment  (London: 
John  Murray). 
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situated  just  at  the  angle  of  the  jaw  on  either  side.  The  enlargement  is 
bilateral,  but  the  gland  on  one  side  is  larger  than  that  on  the  other.  This 
asymmetrically  bilateral  character  is  preserved  as  the  disease  advances. 
The  glands  along  the  carotid  sheath  are  first  affected.  Thence  the 
infection  may  spread  into  two  side-chains  of  glands,  one,  situated  in  the 
submaxillary  triangle;  the  other,  passing  downwards  and  backwards 
across  the  posterior  triangle,  and  ultimately  reaching  the  axilla.  The 
occipital  glands  also  become  infected  in  certain  cases. 

As  the  disease  advances  the  glands  first  affected  may  soften  and 
caseate.  The  skin  over  them  becomes  adherent  and  reddened,  and  an 
abscess  forms,  which  after  bursting  leaves  an  obstinate  tuberculous 
sinus.  The  adjoining  skin  may  show  lupoid  infection.  Tuberculous 
glands  are  rarely  dangerous  to  life,  nor  do  they  often  lead  to  phthisis  or 
to  general  tuberculosis.  They  usually  disappear  before  adult  life  is 
reached.  They  may,  however,  first  develop  in  adult  life,  and  even  in 
old  age.    Often  rational  nonoperative  treatment  averts  suppuration. 

The  proper  control  of  milk  supplies  and  the  exclusion  by  the  tuberculin 
test  of  all  tuberculous  cows  would  probably  bring  about  an  enormous  re- 
duction in  the  frequency  of  tuberculous  glands.  If  tuberculin-tested  milk 
is  not  available  the  milk  should  be  pasteurized  or  boiled,  but  both  of  these 
methods  impair  its  nutritive  value  for  the  child  and  are  therefore  un- 
satisfactory. 

The  second  important  element  in  prevention  is  the  maintenance  of 
the  naso-pharynx  in  an  aseptic  condition.  While  it  is  customary  to 
clean  a  child's  teeth  daily,  as  a  rule  no  attention  is  paid  to  the  naso- 
pharynx, which,  in  cities  at  any  rate,  must  be  the  receptacle  for  a  large 
amount  of  dirt  and  many  bacteria  from  the  air.  The  fact  that  apparently 
healthy  children  may  harbor  malignant  organisms,  such  as  diphtheria 
bacilli  or  meningococci,  in  the  naso-pharynx  has  been  proven  beyond  a 
doubt. 

In  my  opinion  the  naso-pharynx  of  all  town-bred  children  should 
be  washed  out  daily  with  a  weak  antiseptic.  Probably  the  best  preparation 
is  an  alkaline  solution  of  thymol.  About  ten  drops  of  the  solution 
should  be  instilled  into  each  nostril  night  and  morning  by  a  nasal  douche, 
or  by  an  ordinary  fountain-pen  filler.  Children  do  not  object  to  this 
process,  and  indeed  come  to  like  it.  If  the  tonsils  are  large  they  should 
be  separately  painted  with  glycerine  and  boracic  acid  daily.  In  my 
opinion  these  simple  preventive  methods,  which  are  carried  out  daily  in 
my  own  household,  would  not  only  decrease  the  frequency  of  tonsillar 
enlargements,  adenoids,  and  tuberculous  glands,  but  would  also  greatly 
diminish  the  incidence  of  the  acute  infections  such  as  scarlet  fever, 
measles,  and  acute  rheumatism. 
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Tuberculin  treatment  has  its  advocates,  but  personally  I  have  never 
been  able  to  convince  myself  of  its  value. .  It  must  be  remembered  that 
in  many  cases  a  secondary  pyogenic  infection  is  present.  Medicinal 
treatment  is  of  limited  value,  but  a  syrup  of  iodide  of  iron  undoubtedly 
does  good  in  many  cases,  while  if  the  child  is  thin,  cod-liver  oil  must 
be  administered.  Operative  treatment  should  not  be  resorted  to  as  a 
routine,  nor,  on  the  other  hand,  should  it  be  too  long  deferred.  If  the 
glands  show  signs  of  breaking  down  it  is  probably  best  to  excise  the 
whole  of  the  affected  glands,  and  not  merely  to  open  and  scrape  those 
which  are  actually  softened.  The  operation  required  is  a  delicate  and 
somewhat  difficult  one  and  should  only  be  undertaken  by  a  practised 
surgeon,  for  it  usually  involves  opening  the  carotid  sheath,  while  the 
spinal  accessory  nerve  frequently  runs  between  two  of  the  enlarged 
glands  and  may  be  firmly  imbedded  in  a  mass  of  fibrous  tissue.  (The  tech- 
nique of  excision  of  tuberculous  glands  of  the  neck  is  described  in  Section 
III,  Volume  III.) 

Lymphadenoma  (Hodgkin's  disease)  is  variously  regarded  as 
an  infection  by  an  unknown  organism,  or  with  greater  probability  as  a 
malignant  neoplasm  of  lymphatic  glands.  It  affects  by  preference  young 
adult  males,  though  it  may  occur  at  any  age.  Sometimes  the  patient 
gives  a  history  of  a  pyogenic  infection  in  the  area  served  by  the  diseased 
glands,  a  fact  which  has  given  color  to  the  infection  theory  of  the  origin 
of  lymphadenoma.  The  disease  is  local  in  its  origin,  affecting  at  first 
a  single  group  of  glands,  most  often  the  cervical  ones.  It  spreads  gradu- 
ally to  the  adjoining  sets  of  glands  and  may  finally  involve  the  lymphoid 
tissue  all  over  the  body.  The  spleen  is  enlarged  in  the  later  stages  and 
shows  on  section  the  characteristic  appearance  of  almond  toffee  (hard- 
baked  spleen)  from  local  deposits  of  lymphadenomatous  tissue.  The 
liver  and  kidneys  may  show  similar  deposits.  The  blood,  at  first  un- 
affected, in  a  late  stage  shows  merely  the  appearances  of  secondary 
anaemia.  Death  is  usually  due  to  cirailatory  disturbances  produced  by 
the  pressure  of  enlarged  deep  glands  upon  the  veins,  or  to  respiratory 
difficulties  of  similar  origin. 

The  question  as  to  the  wisest  method  of  treatment  is  one  that  has  not 
yet  been  definitely  answered.  The  best  recorded  results  are  those  of 
Yates  and  Bunting  (/.  'Am.  M,  Ass,,  191 7,  Ixvii,  747;  Surg,,  Gynec,  & 
Obst.,  1918,  xxvii,  156)  who  reported  a  series  of  63  cases  including  5 
acute  and  58  chronic  cases.  Of  the  chronic  cases  12  were  considered  as 
cured  after  interv^als  varying  from  six  months  to  five  years ;  8  were  much 
improved,  though  the  improvement  was  not  permanent ;  a  further  number 
were  temporarily  relieved  of  their  symptoms.  Though  apparently  this 
constitutes  a  low  percentage  of  cases  showing  recovery  from  the  disease 
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one  must  remember  that,  although  temporary  remissions  are  common, 
recorded  cases  of  absolute  recovery  have  been  extremely  rare,  and  many 
cases  of  reported  recovery  following  various  forms  of  treatment  have  in 
fact  been  only  remissions  of  the  disease,  perhaps  even  remissions  such  as 
so  frequently  occur  without  any  treatment  whatever. 

Bunting  and  Yates  emphasize  first  of  all  the  importance  of  removing 
every  possible  focus  of  infection,  in  particular  those  which  occur  about 
the  mouth,  throat,  and  in  the  skin. 

The  second  step  in  the  treatment  consists  of  the  complete  removal 
of  the  affected  tissue,  with  particular  attention  to  the  fatty  gland-bearing 
tissue.  For  example  in  the  dissection  of  the  neck  the  authors  make  an 
incision  from  one  inch  back  of  the  mastoid  process  down  to  the  clavicle, 
and  raise  the  superficial  tissues  of  the  skin  in  a  single  flap  to  a  point  well 
beyond  the  midline.  The  deep  fascia,  glands,  and  fatty  tissue  are  carefully 
removed.  The  authors  emphasize  the  importance  of  removing  the  sub- 
maxillary lymphatic  glands,  the  glands  in  the  lower  portion  of  the  parotid, 
the  mastoid  lymph  gland,  and  the  fatty  tissues  and  glands  both  in  front  of 
and  behind  the  anterior  portion  of  the  trapezius.  They  raise  the  great 
vessels  of  the  neck,  and  resect  the  fatty  tissue  and  glands  underlying  them 
to  a  point  below  the  junction  of  the  internal  jugular  and  subclavian 
veins.  At  times  the  entire  sternocleidomastoid  is  removed,  with  the  fatty 
tissue  underlying  both  its  origin  and  insertion.  The  dissection  of  the 
diseased  tissue  in  the  other  regions  commonly  involved  is  carried  out  in 
the  same  thorough  manner.  The  dissection  of  the  axilla  commonly  in- 
volves the  complete  removal  of  the  pectoral  muscles,  and  the  lateral 
portion  of  the  mammary  gland.  The  dissection  of  the  groin  involves  the 
removal  of  the  fascia  lata  from  the  anterior  surface  of  the  upper  third  of 
the  thigh,  and  of  the  fatty,  gland-bearing  tissue  along  the  iliac  vessels 
from  Poupart's  ligament  to  the  sacrum. 

.  At  the  conclusion  of  operation  and  at  intervals  thereafter  the  wound 
is  exposed  to  X-ray  treatment.  Vaccine  treatment  is  carried  out  at  the 
same  time,  so  as  to  leave  undone  nothing  that  might  in  any  way  conduce 
to  ultimate  recovery. 

Lymphatic  leukaemia  simulates  Hodgkin's  disease,  but  presents 
in  addition  the  characteristic  blood  changes  of  leukaemia.  It  requires 
merely  to  be  mentioned  here,  since  it  is  a  blood  disease,  and  not  primarily 
a  disease  of  the  glands. 

Lymphosarcoma.  Primary  sarcoma  of  the  lymph  glands  is  a 
rare  and  hopeless  disease,  affecting  the  glands  of  the  axilla,  the  neck, 
the  mediastinum,  or  the  mesentery.  Commencing  in  one  gland  or  group 
of  glands,  it  rapidly  extends  to  the  neighboring  groups.  Meantime  the 
glands  first  affected  increase  rapidly  in  size  and  become  adherent  to  the 
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skin  and  surrounding  tissue.  The  overlying  skin  ulcerates  and  a  mass 
of  sarcomatous  tissue  protrudes.  The  course  of  the  disease  is  very  rapid, 
and  death  usually  occurs  from  pressure  upon  vital  organs.  If  lympho- 
sarcoma is  in  most  cases  a  hopeless  condition,  this  rule  is  not  invariable. 

I  recently  saw  a  man  of  about  50  with  a  fixed  mass  in  the  axilla  after  an 
operation  for  lymphosarcoma  of  the  axillary  glands.  The  mass  was  adherent 
to  the  axillary  vein,  but  I  was  able  to  remove  it  after  resecting  the  vein.  Shortly 
after,  enlarged  glands  made  their  appearance  in  the  left  posterior  triangle.  These 
were  thoroughly  cleared  out  from  the  mastoid  process  to  the  clavicle,  and  a  large 
gland  was  enucleated  from  behind  the  sternum.  Subsequently  X-rays  were 
vigorously  applied  to  the  region  of  both  operations,  and  on  half  a  dozen  occasions 
local  nodular  recurrences  in  the  neck  and  the  scapular  region  were  dealt  with 
successfully  by  means  of  radium.  The  patient  three  years  afterwards  was  free 
from  recurrences  and  is  at  present  holding  an  important  military  command. 

Lymphosarcoma  is  such  a  malignant  form  of  neoplasm  that  a  diag- 
nosis can  rarely  be  arrived  at  before  the  case  has  become  inoperable. 

If  the  disease  is  confined  to  one  group  of  glands  of  the  neck  the 
whole  of  the  lymphatic  glands  in  the  neck  and  axilla  on  the  affected  side 
should,  as  far  as  possible,  be  removed.  This  applies  to  apparently 
healthy  glands  as  well  as  to  those  obviously  diseased,  for  beyond  the 
latter  it  is  certain  that  there  is  a  zone  of  glands  microscopically  infected. 
If,  as  nearly  always  happens,  operation  is  impossible,  treatment  by 
Coley's  fluid  appears  to  be  the  best  resource. 

Diagnosis  of  cervical  glandular  enlargements.  It  is  some- 
times very  difficult  to  distinguish  between  glandular  enlargement  due  to 
tuberculous  infection  and  that  which  so  frequently  results  from  naso- 
pharyngeal sepsis  occurring  in  the  acute  exanthems  of  childhood. 
Frequently  the  diagnosis  can  only  be  made  by  watching  the  case.  If 
the  enlargement  is  due  to  septic  organisms,  the  glands  are  tender, 
and  they  either  usually  break  down  rapidly  and  suppurate,  or  they 
disappear.  If  the  glands  remain  enlarged  after  they  have  ceased 
to  be  tender,  the  probability  is  that  tuberculous  infection  is  present. 
Swellings  due  to  tuberculous  infection  of  the  glands  at  the  angle  of 
the  jaw  may  be  so  sudden  in  their  onset  that  the  diagnosis  of  mumps 
may  suggest  itself,  but  the  swelling  in  mumps  extends  upwards  behind 
the  ramus  of  the  jaw,  and  there  is  difficulty  and  pain  in  mastication. 
The  diagnosis  of  tuberculous  glands  from  lymphadenoma  also  presents 
difficulties.  Lymphadenomatous  glands  are  usually  large,  elastic,  and 
mobile,  presenting  no  tendency  to  softening  or  suppuration,  while 
tuberculous  glands  are  often  more  fixed  and  of  smaller  size,  and  if 
they  attain  any  considerable  size  softening  or  fluctuation  can 
usually  be  detected.     It  must,  however,  be  recognized  that  tuberculous 
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glands  may  sometimes  present  all  the  characters  described  as  typical 
of  lymphadenomatous  glands.  In  the  writer's  opinion  the  most  trust- 
worthy distinction  between  these  two  forms  of  enlargement  is  the 
distribution  of  the  glands.  It  has  already  been  stated  that  tuberculous 
glands  are  nearly  always  asymmetrically  bilateral ;  that  is  to  say,  if  glands 
are  present  on  one  side  of  the  neck,  a  less  marked  degree  of  enlarge- 
ment will  also  be  found  upon  the  opposite  side.  On  the  contrary,  in 
the  early  stage  of  lymphadenoma  the  disease  is  strictly  unilateral  and 
confined  to  one  set  of  glands.  It  is  sometimes  stated  that  enlargement 
of  the  glands  in  the  axilla,  coincident  with  enlargement  of  the  glands  in 
the  neck,  points  to  lymphadenoma  rather  than  to  tubercle.  This  state- 
ment, however,  is  erroneous,  for  I  have  often  observed  tuberculous 
enlargement  of  the  axillary  glands  co-existent  with  tuberculous  enlarge- 
ment of  the  cen^ical  glands.  From  leukaemia  tuberculous  adenitis  can 
easily  be  distinguished  by  an  examination  of  the  blood,  which  in  the 
case  of  leukaemia  will  show  an  enormous  increase  in  the  number  of 
white  corpuscles.  Lymphosarcoma,  like  lymphadenoma,  is  unilateral 
in  its  early  stages.  The  enlargement  of  the  glands  is  much  more  rapid 
than  in  the  case  of  tubercle.  The  sarcomatous  glands,  unlike  those  of 
lymphadenoma,  soon  become  adherent  to  their  surroundings  by  infil- 
tration. They  adhere  also  to  the  skin,  which  may  ulcerate,  with  the 
formation  of  a  fungating  mass  of  growth.  The  patient  rapidly  goes 
downhill,  signs  of  thoracic  metastases  develop,  and  death  comes  quickly. 

Enlarged  cervncal  glands,  while  common  in  early  life,  are  rarer  in 
the  adult.  In  those  beyond  middle  life  carcinoma  is  the  commonest 
cause.  It  must  not  be  forgotten  that  enlarged  left  supraclavicular  glands 
may  be  an  early  sign  of  gastric  carcinoma. 

In  all  cases  of  glandular  enlargement  a  thorough  search  for  a 
primary  infective  focus  should  be  made.  The  presence  of  eczema  of 
the  scalp,  pediculi,  carious  teeth  or  otorrhoea,  or  in  older  patients  of  a 
malignant  growth,  may  render  the  disease  obvious. 


SECTION  V 
OPERATIONS  UPON  NERVES 


PLASTIC    OPERATIONS    UPON    NERVES 

BY 

DEAN  LEWIS,  A.B.,  M.D. 

Professor  of  Surgery,  Rush  Medical  College;  Attending  Surgeon, 

Presbyterian  Hospital,  Chicago 


OPERATIONS  UPON  THE  CRANIAL  NERVES  AND 

THE  GASSERIAN  GANGLION 


OPERATIONS  UPON  THE  NERVES  OF  THE  EXTREMITIES 

BY 

F.  F.  BURGHARD,  M.S.  (Lond.),  F.R.C.S.  (Eng.) 

Teacher  of  Operative  Surgery  in  King's  College,  London;  Surgeon  to 

King's  College  Hospital ;  and  Senior  Surgeon  to  the 

Children's  Hospital,  Paddington  Green 


VOL.1 


CHAPTER  I 

PLASTIC  OPERATIONS   UPON  NERVES 

The  function  of  a  peripheral  nerve  may  be  interfered  with  or  com- 
pletely suspended  as  the  result  of  compression  by  scar  tissue,  bony  callus, 
or  adhesions,  without  an  interruption  of  continuity.  This  suspension 
is  called  physiologic  interruption,  in  contradistinction  to  anatomic  inter- 
ruption, which  is  associated  with  solution  of  continuity  of  the  nerve 
trunk.  It  is  often  impossible  to  differentiate  clinically  between  physi- 
ologic and  anatomic  interruption,  and  the  pathologic  condition  which 
suspends  the  function  of  the  nerve  can  be  determined  only  by  operation. 

In  a  discussion  of  peripheral  nerve  surgery  the  following  operations 
must  be  considered:  neurolysis;  nerve  suture;  nerve  transplantation; 
nerve  grafting;  tubulization. 

NEUROLYSIS 

Neurolysis  is  an  operation  which  consists  of  dissecting  the  affected 
nerve  out  of  the  scar  tissue  or  bony  callus  which  compresses  it,  and  of 
providing  a  new  bed  for  it,  or  surrounding  it  with  some  material  with 
the  view  of  preventing  the  re-formation  of  scar  tissue.  It  is  often  neces- 
sary in  this  operation  to  dissect  away  the  thickened  sheath  of  the  nerve 
with  the  adherent  scar  tissue.  This  operation  is  referred  to  as  cap- 
sulectomy.  In  cases  in  which  there  is  a  spindle-like  thickening  of  the 
nerve  without  any  evidence  of  solution  of  continuity,  it  is  often  advisable 
to  make  three  or  four  parallel  incisions  in  the  thickened  epineurium, 
with  a  view  of  lessening  the  compression  and  of  favoring  the  down- 
growth  of  neurofibrillse. 

Neurolysis  was  first  performed  by  Busch  and  Oilier  in  1863.  Busch 
performed  neurolysis  upon  a  nerve  which  was  compressed  by  scar  tissue, 
and  Oilier  dissected  a  nerve  out  of  bony  callus  which  compressed  it. 

All  surgeons  are  not  agreed  as  to  the  value  of  neurolysis.  Tinel 
states  that  neurolysis  consists  of  liberation  of  the  nerve  and  the  re- 
moval of  causes  of  compression — bony  callus,  scar  tissue,  cicatricial 
bands.  According  to  him  it  is  better  to  perform  a  nerve  suture  in 
doubtful  cases  than  to  be  satisfied  with  a  poor  neurolysis.  Delangeniere 
is  doubtful  as  to  the  value  of  neurolysis.     He  has  done  relatively  few, 
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because  it  has  seemed  to  him  that  the  cases  do  not  do  much  better  after 
neurolysis  than  they  do  when  let  alone. 

The  disagreement  as  to  the  value  of  this  operation  is  undoubtedly 
due  to  its  employment  in  cases  in  which  it  has  not  been  indicated.  The 
operation  is  indicated  in  those  cases  in  which  the  lesion  is  extraneural, 
and  the  interference  with  or  suspension  of  the  function  of  the  nerve  is 
due  to  compression  by  scar  tissue,  or  bony  callus,  or  to  adhesions  be- 
tween the  nerve  and  surrounding  structures.  It  should  not  be  employed 
where  there  has  been  an  actual  solution  of  continuity  of  the  nerve, 
unless  combined  with  nerve  suture. 

In  exposing  the  affected  nerve  the  dissection  should  be  made  when 
possible  along  intermuscular  septa,  with  the  view  of  preventing  haemor- 
rhage and  avoiding  the  cutting  of  muscle  fibers.  After  the  nerve  is 
freed  a  new  bed  must  be  provided  for  it,  and  whenever  possible  adjacent 
uninjured  muscles  should  be  used  to  make  this  bed.  When  muscle  fibers 
are  cut  oozing  occurs,  and  new  adhesions,  which  may  interfere  with  the 
function  of  the  liberated  nerve,  form  again  about  the  nerve  when  placed 
in  contact  with  cut  muscle  fibers.  Uninjured  neighboring  muscles  form 
the  best  bed  for  a  liberated  nerve  and  should  be  used  whenever  possible. 

In  many  cases  in  which  this  operation  is  indicated,  large  amounts  of 
scar  tissue  are  found,  and  some  other  method  of  preventing  the  re-forma- 
tion of  scar  tissue  and  adhesions  about  the  nerve  must  be  resorted  to. 
Various  materials,  such  as  decalcified  bone  tubules,  silk  protective, 
hardened  blood  vessels,  human  epidermis,  magnesium  tubules,  hardened 
gelatin  tubules,  Cargile  membrane,  fascia,  fat,  etc.,  have  been  employed 
to  surround  the  liberated  nerve,  with  the  view  of  preventing  the 
formation  of  scar  tissue.  Many  of  these  have  been  discarded,  and  at 
present  but  three,  Cargile  membrane,  free  or  pedunculated  fat  trans- 
plants, and  blood  vessels  hardened  in  formalin  (Foramitti's  method), 
are  used  to  any  extent  in  surrounding  the  liberated  nerve.  Cargile  mem- 
brane comes  in  various  thicknesses.  The  thinner  varieties  should  be  used 
when  neurolysis  is  performed.  In  cases  which  have  been  explored 
some  months  after  the  thicker  varieties  have  been  used,  the  membrane 
has  been  found  in  the  tissues  acting  as  a  foreign  body.  The  thinner 
varieties  of  the  membrane  are  apparently  absorbed  in  six  months  or  some- 
what less.  During  this  time  it  has  served  its  purpose  in  protecting  the 
liberated  nerve  from  compression  by  scar  tissue  and  the  formation  of 
adhesions.  Cone  states  that  Cargile  membrane  is  impervious  to  neuro- 
fibrillar It  may  therefore  prevent,  when  placed  about  a  liberated  nerve, 
the  straying  of  neurofibrillae  into  surrounding  tissue. 

Some  time  ago  fat  transplants,  either  free  or  pedunculated,  were 
used  rather  extensively  about  liberated  nerves  to  prevent  the  formation 
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of  scar  tissue.  It  has  been  claimed  recently  that  they  have  but  httle 
value  in  this  connection,  and  that  they  may  even  do  harm.  These  claims 
are  based  upon  the  assertion  that  fat  when  transplanted  does  not  remain 
as  fat,  but  is  replaced  by  connective  tissue,  and  that  transplanted  fat 
may  interfere  with  vascularization  of  the  nerve.  Rehn's  experimental 
work  would  seem  to  indicate  that  transplanted  fat  survives.    The  vas- 


FiG.  225b.  Capsulectomy,  a.  Removal  of  thickened  sheath  of  nerve  with 
adherent  scar  tissue,  b.  Parallel  incision  of  thickened  epineunum  in  cases  with 
a  spindle-shaped  enlargement  without  interruption  of  continuity,  c.  Appearance 
on  cross-section  after  epineura)  incisions  have  been  made. 

cularization  of  the  nerve  would  not  be  seriously  interfered  with  unless 
very  long  stretches  were  surrounded  by  the  fat. 

Foramitti's  method,  blood  vessels  hardened  in  10  per  cent  formalin, 
was  used  by  Hashimoto  in  cases  of  nerve  injury  observed  after  the 
Russo-Japanese  War.  Neurolysis  was  performed  in  43  cases.  The 
results  were  very  good  in  ro  cases,  good  in  15,  satisfactory  in  3. 
questionable  in  4,  and  unsatisfactory  in  II.  In  7  cases  neurolysis  was 
attempted  300  days  or  more  after  the  injury.  In  this  series  the  results 
were  good  in  4  cases,  questionable  in  i,  and  unsatisfactory  in  2.  In 
43  cases  treated  by  neurolysis  good  results  were  obtained  in  65  per  cent, 
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or  if  4  questionable  cases  are  included,  in  74.4  per  cent.  The  results 
obtained  by  neurolysis,  performed  200  days  after  the  time  of  injury, 
were  doubtful.  Hashimoto  used  almost  exclusively  calves'  arteries  hard- 
ened in  formalin  to  surround  the  liberated  nerve. 

It  has  been  advised  that  fascia  be  used  for  neurolysis.  It  has  a  very 
limited  use  for  this  purpose.  In  almost  all  instances  in  which  neurolysis 
is  indicated  there  is  scar  tissue.  Transplanted  fascia  placed  in  contact 
with  scar  tissue  undergoes  contraction.  Placed  about  a  nerve  under 
these  conditions  it  would  merely  aggravate  the  condition  which  the 
operation  is  designed  to  relieve. 

As  previously  mentioned,  liberation  of  the  nerve  must  often  be  com- 
bined with  removal  of  the  thickened  sheath  of  the  nerve  and  the  adherent 
scar  tissue,  and  incision  of  the  thickened  epineurium  which  covers  the 
spindle-shaped  enlargement  of  the  nerve. 

Neurolysis  is  often  of  distinct  value  in  cases  of  physiologic  interrup- 
tion of  a  nerve,  with  or  without  degeneration  in  the  segment  distal  to 
the  point  of  injury.  It  can  also  be  used  to  advantage  in  cases  in  which 
pain  is  the  chief  symptom,  and  in  causalgia. 

• 
NERVE  SUTURE;    NEURORRHAPHY 

Nerve  suture  is  required  when  there  has  been  a  solution  of  continuity, 
partial  or  complete,  of  a  nerve.  If  there  has  been  an  actual  loss  of 
substance  of  a  nerve  trunk,  so  that  end-to-end  suture  of  the  segments  is 
not  possible,  other  procedures,  which  will  be  described  later,  must  be 
resorted  to.  If  the  nerve  is  sutured  immediately  or  shortly  after  the 
injury,  the  operation  is  referred  to  as  primary  nerve  suture;  when  it  is 
sutured  some  time  after  the  injury,  as  secondary  nerve  suture. 

Primary  nerve  suture.  Primary  nerve  suture  should  be  at- 
tempted in  almost  all  instances  after  nerves  are  divided.  It  is  required 
for  the  repair  of  nerves  divided  in  incised  and  gunshot  wounds;  for  the 
repair  of  nerves  accidentally  cut  during  operations,  such  as  the  spinal 
accessory  in  removal  of  tuberculous  glands  of  the  neck;  and  for  the 
repair  of  subcutaneous  lacerations  of  a  nerve,  such  as  occur  in  fractures 
or  from  overstretching. 

Nerve  suture  is  frequently  not  attempted  in  recent  injuries  because  of 
danger  of  infection.  Suppuration  developing  in  a  wound  will  prevent 
repair  of  the  nerve  at  the  line  of  suture.  If  suppuration  does  occur, 
nothing  has  been  lost,  for  secondary  suture  can  be  attempted  later ;  and 
the  sutures  inserted  in  the  primary  operation  will  keep  the  ends  of  the 
segments  in  fairly  accurate  apposition,  so  that  they  may  be  found  more 
readily  when  the  secondary  suture  is  performed. 
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In  performing  primary  suture  one  should  remove  the  contused  part 
of  the  nerve,  so  that  healthy  neurofibrillK  may  be  approximated.  In 
incised,  fairly  clean  wounds  but  little  of  the  ends  of  the  segments  will 
have  to  be  removed.  When  the  division  is  due  to  a  bullet  or  fragment  of 
high  explosive,  the  nerve  is  infiltrated  with  blood,  and  the  nerve  tissue 
is  softened  for  some  distance  on  either  side  of  the  point  of  division. 
This  infiltrated  and  softened  tissue  must  be  removed  before  end-to-end 
suture  is  attempted;  otherwise  a  spindle-like  enlargement  of  scar  tissue 


Fig.  226.  Nerve  Suture,  a,  McthotI  of  applying  tension  sutures,  b,  Epi- 
neuritim  closed  by  fine  catgut  or  silk  to  prevent  the  straying  of  neurofibnllje  into 
surrounding  tissues. 

will  form  which  may  be  impermeable  to  neurofibril^,  and  neurotiza- 
tion of  the  distal  segment  may  thus  be  prevented. 

Fine  (No.  000  chromic)  catgut  is  to  be  preferred  in  primary  nerve 
suture.  The  ends  may  be  approximated  by  four  to  six  epineural  sutures, 
or  these  may  be  combined  with  two  transfixion  sutures.  These  trans- 
fixion sutures  are  regarded  as  essential  by  many  in  order  to  avoid  a  dead 
space  at  the  center  of  the  nerve  which  may  fill  with  a  small  blood  clot. 
A  blood  clot  interferes  with  nerve  repair.  If  epineural  sutures  are  cor- 
rectly and  accurately  applied,  this  dead  space  will  be  avoided.  The 
epineurium  should  be  closed  to  prevent  the  straying  of  developing  neuro- 
fibrillK;. 
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The  sutures  when  tied  should  coapt  the  two  ends  of  the  nerve.  They 
should  not  be  crushed  together,  and  tension  should  be  a,voided.  Even  in 
primary  suture  it  is  often  impossible  to  coapt  the  nerve  ends  unless  the 
extremity  is  placed  in  a  position  which  relaxes  the  two  segments.  The 
parts  should  be  fixed  in  a  cast  during  the  process  of  repair,  so  that  no 
tension  is  placed  upon  the  line  of  suture.  In  case  of  the  median  or  ulnar 
nerves,  fixation  will  be  required  for  from  four  to  six  weeks ;  in  case  of  the 
sciatic  from  six  to  eight  weeks. 

The  after-treatment  which  should  be  instituted  in  these  cases  will  be 
discussed  under  secondary  nerve  suture. 


Fig.  227.  Internal  Topot.raphv  of  the  Median  Nerve.  Cross-section 
shows  the  arrangement  of  the  funiculi  as  follows:  i,  tract  for  the  pronator 
ratiii  teres,  flexor  carpi  radialis,  and  palmaris  longus;  2,  3,  tracts  for  the  flexor 
sublimis  digitorum ;  4.  tract  for  the  flexor  profundus  digitorum  and  flexor 
longus  pollicis ;  5,  sensory  tracts  and  tracts  to  the  muscles  of  the  thenar 
eminence  and  first  and  second  lumbricales.       {^Viilpius  and  Staff  el.) 

Secondary  nerve  suture.  When  secondary  nerve  suture  is  at- 
tempted, pathologic  conditions  are  usually  found  which  render  certain 
procedures  necessary.  During  the  process  of  healing,  scar  tissue  will 
have  developed.  This  varies  according  to  the  character  of  the  wound. 
A  small  amount  will  be  found  in  incised  wounds,  while  in  contused  or 
gunshot  wounds  scar  tissue  may  be  extensive.  A  neuroma,  composed 
of  developing  neurofibrillre  and  scar  tissue,  will  usually  he  found  on  the 
distal  end  of  the  proximal  segment,  and  the  proximal  end  of  the  distal 
segment  will  be  found  imbedded  in  a  scar. 

In  exposing  the  two  ends  of  the  nerve  one  should  begin  the 
dissection  at  points  where  the  anatomical  relations  of  the  nerve  are  still 
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Fig.  228a.    Nerve  Suture.    Division  of  great  sciatic  r 
{From  the  Surgical  Climes  of  Chicago.) 
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Fig.  228b.  Nerve  Suture.  Method  of  traction  on  scar  tissue  and  neuroma 
while  attempting  to  approximate  ends.  Traction  should  always  be  made  on 
tissue  which  is  to  be  removed  when  the  suture  is  made.  Lower  segment  of 
sciatic  nerve  has  been  mobilized  in  order  ihat  an  end-to-cnd  suture  may  be  made 
(From  the  Surgical  Clinics  of  Chicago.) 
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preserved.  The  nerve  segments  should  be  exposed  above  and  below  the 
point  of  division,  and  then  should  be  carefully  exposed  to  the  point  of 
division.  When  the  ends  are  exposed,  they  should  be  grasped  with  artery 
forceps  and  an  attempt  should  be  made  to  approximate  them.  The 
manipulation  should  be  confined  as  much  as  possible  to  the  scar  tissue 
found  upon  the  ends  of  the  segment. 

The  work  of  Stoffel,  which  has  been  questioned  of  late,  would  seem 
to  indicate  that  funiculi  in  peripheral  nerves  have  a  definite  arrange- 
ment. It  has  been  claimed  by  him  that  a  certain  funiculus  carries  sensory 
fibers,  that  another  carries  motor  fibers  to  a  certain  group  of  muscles, 
etc.  He  has  insisted,  therefore,  that  in  performing  nerve  suture  one 
should  be  certain  that  the  segments  are  not  rotated  during  dissection  or 
suture.  Whether  StoflFers  work  is  correct  or  not,  the  principle  which 
he  has  insisted  upon  is  important,  for  there  should  be  as  accurate  anatomic 
repair  as  possible.  In  secondary  nerye  suture  it  is  often  diflficult  to 
determine  to  what  extent  rotation  has  occurred  as  the  result  of  the  trau- 
matizing force.  When  the  nerve  end^  are  dissected  out  of  the  bed  of 
scar  tissue,  silk  sutures  may  be  inserted  at  corresponding  points  on  each 
segment  of  the  nerve,  so  that  the  relative  positions  may  be  maintained. 
A  small  mosquito  forceps  placed  upon  the  epineurium  at  corresponding 
points  will  answer  the  same  purpose  and  prevent  rotation. 

The  next  step  in  secondary  nerve  suture  is  resection  of  the  neuroma 
and  scar  tissue.  A  sharp  instrument  should  be  used  for  this  purpose  so 
that  the  nerve  will  not  be  contused.  A  Gillette  safety  razor  blade  grasped 
by  an  artery  forceps  may  be  used  for  this  purpose.  Thin  slices  are  re- 
moved from  the  ends  of  the  nerve  until  healthy  neurofibrillae  or  funiculi 
herniate  from  the  cut  ends  of  the  segments.  Resection  of  the  ends 
should  be  carried  so  far  that  there  is  little  or  no  scar  tissue  in  the  ends 
of  the  nerve  which  are  to  be  sutured.  It  has  been  advised  lately  that 
nerve  ends  be  united  by  the  neuroma,  and  that  resection  of  the  ends 
should  not  be  carried  so  far  as  has  been  advocated.  Neurofibrillae  un- 
doubtedly do  penetrate  scar  tissue  and  seek  the  distal  segment  of  a  nerve. 
I  believe  it  bad  teaching,  however,  to  advocate  the  union  by  the  neuroma. 
The  success  of  nerve  suture  depends  upon  the  accurate  end-to-end  union 
of  nerve  ends  which  are  not  infiltrated  with  scar  tissue.  Scar  tissue  will 
prevent  successful  suture. 

It  may  be  impossible  to  unite  the  ends  of  the  nerve  when  the  procedure 
just  advocated  has  been  carried  out,  unless  the  segments  are  mobilized 
or  are  displaced  so  as  to  produce  a  relative  lengthening.  For  example, 
in  order  to  make  an  end-to-end  suture  of  the  ulnar  nerve,  it  may  be 
necessary  to  dissect  the  nerve  out  of  the  canal  in  which  it  runs  posterior 
to  the  internal  epicondyle,  and  to  displace  it  anteriorly.     When  this  is 
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Fig.  229.  Suture  of  Sciatic  Nerve.  Approximation  of  ends  secured  by  mobil- 
izing the  segments  of  the  nerve,  ami  flexing  the  knee  to  a  right  angle.  Cast  fixa- 
tion should  be  maintained  for  sis  or  eight  vi'ecks  after  suture  of  the  sciatic,  when 
end-to-end  suture  is  secured  by  fixation.  In  case  of  the  ulnar  or  median  nerve  east 
fixation  is  required  for  about  four  weeks,  (From  the  Surgical  Clinics  of  Chicago.) 


574  PLASTIC  OPERATIONS  UPON  NERVES 

done  and  the  forearm  is  flexed,  an  end-to-end  suture  of  the  nerve  is 
possible,  even  when  the  defect  measures  two  inches.  In  the  case  of  the  scia- 
tic, a  defect  of  three  inches  or  more  may  be  overcome  by  mobilizing  both 
segments  of  the  nerve  and  flexing  the  knee  to  a  right  angle.  Dissection 
of  a  nerve  out  of  its  normal  bed  apparently  does  not  interfere  with  its 
nutrition  and  reparative  power. 


Fig.  230.  Resection  of  Neuroma.  Illustrating  extent  to  which  neuroma  on 
the  distal  end  of  the  proximal  segment  and  scar  on  proximal  end  of  distal  segment 
are  resected  in  order  to  expose  healthy  neurofibrillse.  The  ends  should  be  resected 
until  little  or  no  scar  tissue  is  found. 

End-to-end  suture  is  desired  in  all  cases,  and  an  attempt  should  al- 
ways be  made  to  secure  this  by  mobilization  of  the  segments  and  by 
position. 

Fine  silk  or  No.  000  chromic  catgut  may  be  used  in  suturing  a  nerve. 
Small  round  intestinal  needles,  straight  or  curved,  depending  upon  the 
exigencies  of  the  case,  may  be  used.  Gentle  manipulation,  a  small  fine- 
toothed  forceps  being  used  for  grasping  the  nerve,  is  absolutely  essential. 
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One  or  two  transfixion  sutures,  depending  upon  the  size  of  the  nerve, 
should  be  inserted  first.  Two  will  usually  suffice,  even  in  the  larger 
nerves,  e,g,,  the  sciatic.  These  should  be  introduced  not  less  than  half  an 
inch  away  from  the  cut  end.  While  these  sutures  are  being  inserted 
and  tied,  the  Hmb  should  be  placed  in  the  position  in  which  it  will  be 
fixed  when  the  operation  is  completed.  The  coaptation  sutures  are  next 
applied  through  the  epineurium.  These  sutures  may  be  interrupted  or 
continuous.  When  interrupted,  enough  should  be  inserted  to  close  the 
epineurium,  in  order  to  prevent  the  straying  into  the  adjacent  tissue  of 
developing  neurofibriUse.  These  sutures  should  be  applied  about  the 
entire  circumference  of  the  nerve. 

While  the  type  of  suture  just  described  is  preferred  by  many  surgeons, 
I  believe  that  four  to  six  sutures  which  pass  through  the  epineurium  will 
suffice  accurately  to  approximate  the  ends  of  the  nerves.  Fine  silk  or 
catgut  on  fine  non-cutting  needles  may  be  used  for  this  purpose.  The 
objection  which  has  been  raised  against  this  type  of  suture  is  that  the 
neurofibrillae  in  the  center  of  the  nen^e  ends  are  not  approximated,  and 
that  a  dead  space  which  fills. with  blood  clot  forms.  If  the  epineural 
sutures  are  applied  correctly  accurate  approximation  can  be  secured. 
The  results  follow^ing  these  two  types  of  suture  do  not  diflFer. 

The  suture  line  when  the  operation  is  completed  should  be  placed, 
when  possible,  between  muscles  which  have  not  been  injured.  It  should 
be  protected  from  scar  tissue  formation.  If  the  scar  tissue  in  the  wound 
is  dense  and  extensive,  it  may  be  advisable  to  wrap  the  suture  line  with 
fat  or  Cargile  membrane. 

In  cases  in  which  there  has  been  an  actual  destruction  of  the  nerve, 
and  the  loss  has  been  so  great  that  an  end-to-end  union  cannot  be  secured 
by  any  of  the  methods  previously  described,  some  one  of  the  methods 
described  below  must  be  resorted  to. 

NERVE  TRANSPLANTATION 

Experimental  work  would  seem  to  show  that  spontaneous  regenera- 
tion can  occur  across  a  gap  without  artificial  aid,  provided  the  distance 
betw^een  the  divided  ends  does  not  exceed  three-fourths  of  an  inch  in 
length.  Spontaneous  regeneration  with  bridging  of  defects  does  undoubt- 
edly occur  in  animals.  It  is  doubtful  whether  it  ever  takes  place  in  rnan, 
although  some  cases  have  been  reported  in  which  it  has  apparently 
occurred.  When,  therefore,  a  gap  exists  in  a  nerve,  some  attempt  should 
be  made  to  unite  the  ends  artificially,  for  this  furnishes  the  only  chance 
of  anatomic  repair  and  re-establishment  of  physiologic  function. 

The  operation  of  choice  in  the  repair  of  a  defect  in  a  nerve  is  the 
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autocable  transplant,  the  possibilities  of  which  have  recently  been  shown 
by  the  experimental  work  of  Huber. 

In  making  this  transplant  some  cutaneous  nene  which  may  be  spared 
is  used.  In  the  upper  extremity  the  internal  cutaneous,  the  superficial 
branch  of  the  radial,  or  the  external  cutaneous  is  employed.  In  re- 
pairing a  defect  in  the  nerve  it  is  best  to  use  three  or  four  parts  of 
the  nerve  which  has  been  removed,  to  form  the  cable.  These  are  sutured 
to  the  ends  of  the  nerve  by  epineural  sutures  of  fine  silk.  Such  trans- 
plants are  evidently  capable  of  enlargement  or  growth  and  may  carr^- 
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Fic.  231.    Use  of  the  Autocable  Transplant.    Repair  of  a  gap  in  the  external 

popliteal  nerve. 

down  enough  neurofibrilbe  to  neurotize  the  distal  segment.  Autotrans- 
plants  are  to  be  preferred  in  this  operation.  Homotransplants  experi- 
mentally serve  the  purpose.  Heterotransplants  should  not  be  employed, 
for  they  die  and  form  a  block  against  developing  neurofibrilLx.  In  dogs, 
when  a  heterotransplant  is  employed,  the  developing  neurofibrilla;  will 
grow  down  on  the  outside  of  the  transplant  to  reach  the  distal  end  of  the 
nerve. 

In  such  cases  the  French  have  used  rather  extensively  a  method  of 
repair  which  was  advised  by  Nagcotte.  This  method  consists  of  inserting 
into  the  gap  a  section  of  a  fcrtal  calf's  sciatic  nerve  preserved  and 
hardened  in'5o  per  cent  alcohol.  Those  who  have  used  this  method  speak 
of  it  very  enthusiastically.  No  reports,  however,  have  been  published 
which  would  justify  this  enthusiasm.    Experimentally  pieces  of  a  nerve 
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preserved  in  sterile  vaseline  or  liquid  petrolatum  will  serve  as  a  scaffold- 
ing to  carry  developing  neurofibrillce  from  the  proximal  to  the  distal 
segment.  The  results  obtained  in  experimental  work  cannot  apparently 
always  be  applied  directly  to  clinical  surgery,  for  while  in  experimental 
work  it  is  often  impossible  to  prevent  a  nerve  from  growing,  in  clinical 


Fic.  332.     Method  of  Nerve  Grafting.     This  practically  amounts  to  the  use 
of  an  autotransplant,  the  transplant  not  being  raised  from  its  bed. 

surgery  it  is  sometimes  impossible  to  secure  regeneration  or  a  re-establish- 
ment of  function,  when  the  principles  determined  by  experimental  work 
have  been  carefully  followed  out. 

Flap  operations,  such  as  the  one  described  by  Letievant,  should 
be  discarded,  for  experimental  work  would  seem  to  indicate  that  repair 
of  the  gap  does  not  occur  when  this  method  is  employed,  and  there 
are  not  enough  successes  reported  to  justify  its  use. 
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NERVE  GRAFTING 

When  the  gap  cannot  be  bridged  successfully,  nerve  grafting  may  be 
resorted  to.  The  results  are  uncertain.  In  the  arm  and  forearm  the 
upper  end  of  the  divided  ulnar  nerve  may  be  transplanted  into  the  side  of 


Fig  233.  Combination  of  Bone  Grafting  and  Nerve  Suture.  In  order 
to  secure  an  end-to-end  tmion  of  the  mtisculospiral  nerve  in  this  case,  it  was 
necessary  to  displace  the  nerve  to  the  inner  side  of  the  arm. 

the  median,  and  the  distal  end  of  the  ulnar  may  be  grafted  in  the  cones- 
pondinp  part  of  the  median  at  a  lower  level,  an  attempt  being  made  to  tap 
the  funiculus  with  which  the  lower  end  of  the  upper  segment  was  placed 
in  contact.  This  operation  is  practically  an  autotransplantation,  the 
transplant  not  being  raised  from  its  bed.    Whenever  possible,  the  sensory 


CAUSALGIA  579 

funiculi  in  a  nerve  should  be  used  for  conducting  the  fibers  from  the 
injured  nerve.  When  sensory  funiculi  cannot  be  used  for  this  purpose, 
funiculi  which  supply  muscles  which  can  be  sacrificed  without  causing 
much  disability  should  be  used.  Extensive  multiple  nerve  grafting  has 
been  advocated  by  some,  notably  Hofmeister,  but  the  final  results 
evidently  do  not  justify  the  enthusiasm  of  the  early  reports.  The  auto- 
cable  transplant  is  to  be  preferred  to  nerve  grafting.  The  results  which 
have  been  obtained  in  anastomosis  of  the  paralyzed  facial  with  the  hypo- 
glossal or  spinal  accessory  indicate,  however,  the  possibilities  of  nerve 
grafting  when  carefully  performed. 

TUBULIZATION 

Experimentally,  nerve  fibers  will  bridge  a  gap  when  a  tube  is  formed 
down  which  the  regenerating  neurofibrillae  can  grow.  Decalcified  bone 
tubules,  a  segment  of  a  vein  or  artery,  fascia,  and  a  number  of  other 
materials  have  been  used  to  connect  the  two  ends  of  the  nerve,  and 
form  a  tube  to  guide  the  developing  neurofibrillae.  While  complete  re- 
generation of  a  nerve,  even  to  the  formation  of  a  myelin  sheath,  occurs 
in  animals  after  tubulization,  there  are  not  enough  favorable  results 
reported  in  clinical  surgery  to  justify  an  extensive  use.  It  should  only 
be  employed  as  a  last  resort  when  other  methods  cannot  be  used.  A 
fascial  tube  may  be  constructed  for  this  purpose,  or  a  vein  which  has 
been  turned  inside  out,  so  that  no  endothelium  comes  in  contact  with 
the  coagulum  which  fills  the  tube.  The  endothelium  of  the  vein  may 
proliferate  and  block  the  lumen  if  it  comes  in  contact  with  the  coagulum. 
The  use  of  fascia  for  this  purpose  is  somewhat  limited,  for,  as  previously 
stated,  fascia  in  contact  with  a  scar  is  likely  to  be  invaded  by  scar  tissue 
and  undergo  contraction. 

Resection  of  a  bone  or  bones  of  an  extremity,  with  the  view  of  produc- 
ing a  relative  lengthening  of  the  nerve,  should  be  discouraged.  It  has 
been  used  to  some  extent  in  France  in  the  treatment  of  peripheral  nerve 
injuries  associated  with  a  defect.  It  should  be  remembered  in  this  con- 
nection that  the  resection  may  increase  a  disability.  This  may  outweigh 
the  advantages  secured  by  a  successful  suture. 

SURGICAL  TREATMENT  OF  PAINFUL 
LESIONS— CAUSALGIA 

Causalgia  was  described  by  Weir  Mitchell.  It  was  observed  by 
him  in  the  wounded  under  his  care  during  the  Civil  War.  It  is  observed 
most  frequently  after  gunshot  wounds  involving  the  median  and  internal 
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Fig.  234.  Pathologic  Chance  in  a  Case  of  Causalgia.  Liberation  of  the 
ulnar  anil  median  nerves  with  injection  of  the  median  nerve  wilh  60  per  cent 
alcohol,  followed  by  almost  immediate  relief.  (From  the  Surgical  Clinics  of 
Chicago.) 
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popliteal  nerves.  In  some  instances  the  pain  has  been  controlled  or 
benefited  by  neurolysis,  the  nerve  having  been  bound  down  in  a  scar. 
Often  the  pain  returns  after  liberation.  Injection  of  the  nerve  above  the 
point  of  injury  with  60  per  cent  alcohol  gives  almost  immediate  relief  in 
most  of  these  cases.  The  ulcers  and  excoriations  which  are  so  often 
found  in  causalgias,  the  result  of  maceration  or  scratching,  heal  rapidly. 
Alcohol  injection  is  a  simple  procedure  which  gives  brilliant  results  and 
is  to  be  preferred  to  the  peri-arterial  sympathectomy  which  has  been 
advised  by  Leriche  in  thi«i  class  of  cases. 

POSTOPERATIVE  TREATMENT  OF  PERIPHERAL  NERVE 

LESIONS 

When  peripheral  nerves  have  been  divided,  recovery  of  function  of 
the  muscles  supplied  by  them  takes  place  slowly,  even  when  a  primary 
suture  has  been  performed,  and  all  the  principles  governing  neuro- 
surgery have  been  complied  with.  I  have  seen  return  of  motor  function 
in  two  cases  of  suture  of  the  divided  musculospiral  nerve  in  five  and 
one-half  months.  This  is  the  shortest  length  of  time  after  suture  that  I 
have  noticed  return  of  function. 

The  paralyzed  muscles  should  receive  careful  attention  after  a  nerve 
is  divided,  and  during  the  period  of  repair  following  operation.  The 
extremity  should  not  be  allowed  to  hang  loose,  for  the  paralyzed  muscles 
should  not  be  stretched.  Overstretching  of  the  fibers  prevents  or  in- 
terferes with  the  return  of  tone  and  prolongs  the  disability.  When  em- 
phasizing the  necessity  of  keeping  paralyzed  muscles  in  a  relaxed  or 
neutral  position,  it  is  only  fair  to  say  that  of  late  too  much  emphasis 
has  been  laid  upon  the  necessity  of  splinting,  even  in  an  overcorrected 
position,  with  a  view  of  securing  complete  relaxation  of  the  paralyzed 
muscles.  Too  assiduous,  rigid  splinting  is  often  followed  by  ankylosis  of 
the  joints,  and  marked  atrophy  of  the  group  of  muscles  involved.  In  the 
cases  which  we  have  recently  seen,  it  has  seemed  as  if  the  amount  of 
atrophy  were  almost  directly  proportional  to  the  care  and  assiduity  with 
which  the  splinting  had  been  done. 

During  the  after-treatment  of  these  cases  there  should  be  the  closest 
co-operation  between  the  surgeon,  neurologist,  and  physiotherapist.  Each 
case  should  be  studied  repeatedly,  and  a  prescription  should  be  given 
for  treatment,  depending  upon  the  conditions  found  at  the  time  the 
examination  is  made. 

Rigid  splints  should  not  be  used  for  purposes  of  fixation  when  they 
can  be  avoided.  The  glove  splint  with  elastic  extension  at  the  wrist  is 
preferable  to  the  rigid  splint  in  the  treatment  of  musculospiral  palsies. 
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The  wire  splint  used  in  the  treatment  of  external  popliteal  palsies  has 
enough  spring  to  permit  of  some  play  of  the  muscles. 

Fibrosis  of  the  joints,  especially  of  the  metacarpo-phalangeal  and 
interphalangeal  in  the  hand,  must  be  carefully  guarded  against  in  ulnar 
and  median  nerve  lesions.  It  may  have  to  be  overcome  by  special 
appliances. 

Sir  Robert  Jones,  in  particular,  has  pointed  out  the  fundamental  im- 
portance of  maintaining  nutrition  of  the  muscles  and  integrity  of  the 
joints  during  the  period  of  treatment  preliminary  to  operation.  The  im- 
possibility of  expecting  a  return  of  function  after  nerve  suture  when  the 
muscles  have  been  kept  under  prolonged  tension  from  the  unopposed  ac- 
tion of  healthy  muscles,  or  have  been  allowed  to  undergo  atrophy,  or  when 
a  fibrous  ankylosis  of  the  joints  has  taken  place,  admits  of  no  argument. 

Treatment  by  massage,  by  alternating  hot  and  cold  baths,  by  electrical 
stimulation  when  nerve  regeneration  has  beg^n,  by  exercises,  passive  and 
active,  as  soon  as  the  condition  of  the  limb  will  permit,  are  all  of  impor- 
tance in  securing  a  complete  return  of  function.  (This  subject  is  dis- 
cussed more  fully  in  Section  IX,  Volume  I.) 

Ultimate  success  in  peripheral  nerve  surgery  is  dependent  upon  care- 
ful dissection,  without  injury  or  contusion  of  the  nerve;  asepsis;  the  con- 
trol of  haemorrhage ;  perfect  anatomic  repair,  with  an  accurate  end-to-end 
approximation  of  the  nerve  trunks  or  transplants  when  possible;  and, 
finally,  patient  and  persistent  after-treatment. 

It  cannot  be  definitely  stated  when  return  of  motion  will  begin  after 
suture.  As  stated  above,  I  have  noted  return  of  motion  in  the  muscles 
supplied  by  the  musculospiral  nerve  as  early  as  five  and  one-half  months 
after  suture.  It  is  probable  that  the  greatest  number  of  recoveries  occur 
from  the  ninth  to  the  twelfth  month.  The  musculospiral  nerve  recovers 
earliest  after  suture,  then  the  internal  popliteal,  the  median,  and  the  ulnar. 
The  external  popliteal,  after  both  high  and  low  suture,  recovers  more 
slowly  than  the  nerves  mentioned  above. 

Recovery  of  function  is  manifested  in  different  ways.  In  some 
cases  the  first  evidence  of  successful  suture  is  the  ability  to  use  the 
paralyzed  muscles,  the  return  of  power  being  manifested  suddenly.  In 
one  case  which  I  observed,  there  was  no  consciousness  of  return  of 
power  until  the  patient  was  asked  to  extend  his  wrist,  when  he  found 
that  he  could  do  so.  Rapid  recovery  of  motion  then  occurred.  In  other 
instances,  marked  hyper?esthesia  of  the  skin  supplied  by  the  sutured  ner\'e 
precedes  or  accompanies  return  of  motion. 

In  determining  the  return  of  motor  power,  one  should  always  re- 
member that  certain  movements,  the  loss  of  which  is  supposed  to  follow 
particular  nerve  lesions,  may  be  preserved.    Superficial  study  and  wrong 
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interpretation  of  supplementary  muscle  movements  probably  account  for 
some  of  the  reports  of  very  early  return  of  motion  after  nerve  suture. 
These  supplementary  movements,  according  to  Pollock,  may  be  caused 
by  a  number  of  factors.  Among  these  may  be  included  the  anastomotic 
supply  of  muscles  from  adjacent  nerves ;  movements  produced  by  muscles 
other  than  those  primarily  producing  this  action;  movements  occurring 
as  the  result  of  mechanical  factors  producing  a  change  of  direction  of 
leverage  by  shortening  and  lengthening  of  tendons  and  muscles  passing 
over  several  joints;  and  slight  movements  resulting  from  the  recoil  of 
elastic  tissue  following  a  movement  in  a  direction  opposite  to  the  one 
desired.  These  movements  should  be  carefully  observed  when  studying 
the  return  of  power. 

Epicritic  sensation  returns  late.  Muscle  power  may  have  been  almost 
fully  recovered  when  there  is  still  no  evidence  of  the  return  of  epicritic 
sense. 


CHAPTER  II 

OPERATIONS   UPON   THE   CRANIAL   NERVES   AND   THE 

GASSERIAN  GANGLION 

EXPOSURE  OF  THE  SUPRA-ORBITAL  NERVE 

Indications.  This  nerve,  which  is  the  largest  of  the  terminal  branches 
of  the  ophthalmic  division  of  the  fifth  nerve,  is  exposed  either  for  the 
purpose  of  stretching  it,  or,  preferably,  of  resecting  a  portion  in  those 
cases  of  trigeminal  neuralgia  in  which  the  pain  is  limited  to  the  first 
division. 

Surgical  anatomy.  The  nerve  leaves  the  orbit  through  the  supra- 
orbital notch,  and  ascends  vertically  over  the  frontal  bone  to  supply 
the  adjacent  portion  of  the  scalp.  The  supra-orbital  notch  is  situated 
at  the  junction  of  the  middle  with  the  inner  third  of  the  upper  margin  of 
the  orbit,  and  in  this  situation  the  nerve  lies  beneath  the  fibres  of  the 
orbicularis  palpebrarum  (oculi)  muscle,  and  divides  into  two  or  more 
branches  almost  immediately  after  it  has  emerged  from  the  notch.  The 
supra-orbital  vessels  are  on  its  outer  side  and  not  so  deeply  situated. 

Operation.  The  eyebrow  need  not  be  shaved;  it  suffices  to  purify 
it  thoroughly.  Irregular  growth  of  the  eyebrow  may  follow  shaving, 
which  experience  has  proved  to  be  unnecessary.  The  surgeon  defines 
the  supra-orbital  notch  and  makes  a  curved  incision  about  half  an  inch 
long,  following  the  upper  margin  of  the  orbit  with  its  centre  opposite  the 
notch.  The  fibres  of  the  orbicularis  palpebrarum  (oculi)  are  separated 
with  the  handle  of  the  knife  until  the  periosteum  is  reached,  when  the 
notch  can  be  felt  and  the  nerve  seen  emerging  from  it  close  down  on 
the  periosteum.  In  order  to  stretch  the  nerve  a  hook  is  passed  beneath 
it;  should  it  be  desirable  to  remove  a  portion,  the  nerve  is  pulled  up 
with  a  hook,  divided  some  little  distance  up  on  the  scalp,  and  then  as 
much  of  the  nerve  as  possible  is  pulled  out  by  grasping  the  proximal 
cut  end  in  Spencer  Wells's  forceps  and  winding  the  nerve  around  the 
blades  so  as  to  tear  away  as  much  as  will  come.  The  incision  above 
recommended  leaves  very  little  scar,  as  it  is  made  through  the  eyebrow ; 
as  it  is  parallel  to  the  fibres  of  the  orbicularis  these  do  not  gape  when 
the  wound  is  closed. 
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RESECTION  OF  THE  SUPERIOR  MAXILLARY  NERVE 

Indications.  This  nerve  is  frequently  resected  for  obstinate  trigemi- 
nal neuralgia  affecting  chiefly  the  second  division.  It  is  never  exposed 
merely  for  the  purpose  of  being  stretched.  The  operation  usually  gives 
relief  for  a  period  varying  from  a  few  weeks  to  two  years  or  longer, 
but  rarely  succeeds  in  effecting  a  permanent  cure. 

Surgical  anatomy.  This  nerve,  the  second  division  of  the  fifth,  is 
about  two  inches  in  length,  and  extends  from  the  foramen  rotundum 
to  the  infra-orbital  foramen  on  the  front  of  the  superior  maxilla,  where  it 
breaks  up  into  its  terminal  branches. 

The  infra-orbital  foramen  is  localized  by  drawing  a  line  from  the 
supra-orbital  notch  to  the  interval  between  the  two  lower  bicuspid 
teeth.  Along  this  line  lies  the  infra-orbital  foramen  about  half  an  inch 
below  the  lower  margin  of  the  orbit.  In  the  spheno-maxillary  (pterygo- 
palatine) fossa  between  the  foramen  rotundum  and  the  back  of  the 
upper  jaw  lies  Meckel's  (spheno-palatine)  ganglion,  which  should  be 
removed  with  the  nerve ;  in  order  to  get  beyond  all  the  branches  of  this 
division  the  nerve  should  be  divided  on  the  proximal  side  of  the  ganglion. 
In  its  course  through  the  upper  jaw  the  nerve  lies  partly  in  the  infra- 
orbital canal. 

Operation.     The  nerve  may  be  resected: 

(i)  At  the  infra-orbital  foramen. 

(ii)  Behind  Meckel's  (spheno-palatine)  ganglion  at  the  foramen 
rotundum.  This  operation  is  much  more  satisfactory  in  its  results  than 
the  former,  although  it  is  far  more  difficult  to  perform. 

At  the  infra-orbital  foramen.  The  head  is  turned  slightly 
towards  the  affected  side  and  is  raised  upon  a  pillow,  the  position  of  the 
infra-orbital  foramen  is  determined  (vide  supra),  and  a  slightly  curved 
incision  about  half  an  inch  in  length  with  its  concavity  upwards  is  made 
so  that  its  centre  crosses  the  foramen.  This  incision  exposes  the  fibres 
of  the  orbicularis  palpebrarum  (oculi),  which  are  separated  in  the  line 
of  the  incision,  and  those  of  the  levator  labii  superioris  (caput  infra- 
orbitale)  are  then  exposed  and  split  in  the  direction  of  their  fibres.  This 
exposes  the  trunk  of  the  nerve,  which  divides  into  a  number  of  branches 
as  it  emerges  from  the  foramen.  There  is  often  troublesome  bleeding 
due  to  damage  to  the  infra-orbital  artery  or  vein,  and  it  may  be  necessary 
to  employ  adrenalin  in  order  to  stop  this.  The  nerve  is  picked  up  with  a 
blunt  hook  as  it  emerges  from  the  foramen,  divided  with  scissors  about 
half  an  inch  from  it,  and  the  proximal  end  is  seized  in  Spencer  Wells's 
forceps  and  twisted  around  the  blades  so  as  to  drag  as  much  of  it  out 
of  the  foramen  as  possible. 
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This  operation  is  not  followed  by  much  success  and  is  therefore  rarely 
performed. 

At  the  foramen  rotundum.  In  order  to  remove  the  nerve  as 
far  back  as  the  foramen  rotundum  it  must  be  followed  up  through  the 
upper  jaw.  The  incision  most  frequently  advised  is  a  V-shaped  one,  the 
apex  of  the  V  being  downwards  and  its  centre  just  below  the  infra-orbital 
foramen.  A  less  noticeable  cicatrix  may  be  obtained  by  planning  the 
incision  so  that  it  lies  in  one  of  the  natural  folds  of  the  face.  I  have 
found  the  one  recommended  by  Kocher  to  be  the  easiest  to  work  through 
and  the  best  as  far  as  the  aesthetic  result  is  concerned.  It  commences 
just  below  the  inner  end  of  the  infra-orbital  margin,  and  runs  obliquely 
downwards  and  outwards  to  the  lower  angle  of  the  malar  bone.  It 
should  be  sufficiently  long  to  give  good  exposure  of  the  anterior  surface 
of  the  superior  maxilla  from  the  canine  fossa  to  the  lower  margin  of 
the  orbit. 

After  having  made  the  skin  incision,  the  surgeon  separates  the  fibres 
of  the  levator  labii  superioris  (caput  infra-orbitale)  and  finds  the  infra- 
orbital nerve  as  it  comes  out  of  the  foramen  (vide  supra),  and  fastens 
a  ligature  to  it  in  order  to  identify  it  during  the  rest  of  the  operation. 
The  nerve  is  then  cut  through  on  the  distal  side  of  the  ligature. 

The  front  of  the  jaw  is  cleared  of  muscles  and  periosteum  and  is  cut 
away  with  a  chisel  so  as  to  leave  a  square  hole,  the  sides  of  which  are  an 
inch  long.  This  should  be  so  planned  that  the  infra-orbital  foramen  is 
slightly  below  the  centre  of  the  square,  the  upper  edge  of  which  will  be 
just  below  the  margin  of  the  orbit.  In  doing  this  care  must  be  taken 
not  to  tear  the  nerve,  which  is  left  hanging  out  through  the  opening. 
As  the  antrum  is  opened  up  there  is  usually  free  oozing,  which  may  be 
stopped  by  packing  the  wound  w^ith  small  pledgets  of  wool  dipped  in 
adrenalin  chloride  (i  in  i,ooo) ;  adrenalin  is  most  useful  in  this  opera- 
tion, and  it  is  almost  impossible  to  get  a  clear  view  without  it.  When 
the  bleeding  has  ceased,  the  surgeon,  with  the  aid  of  a  forehead-light, 
identifies  the  nerve  hanging  from  its  bony  canal  in  the  roof  of  the  antrum, 
and  clips  away  the  lower  wall  of  this  canal  with  scissors  or  a  very  fine 
chisel.  The  nerve  must  not  be  damaged  in  doing  this  or  else  the  guide 
to  the  subsequent  steps  of  the  operation  will  be  lost. 

When  the  whole  of  the  bony  floor  of  the  canal  in  which  the  nerve 
lies  has  been  cut  away  right  to  the  back  of  the  posterior  w^all  of  the 
antrum,  an  aperture,  similar  to  but  slightly  smaller  in  size  than  that 
already  made  on  the  anterior  wall,  is  cut  out  of  the  posterior  wall  in  a 
similar  manner.  This  leaves  the  nerve  protruding  through  the  cavity, 
and,  after  stopping  the  bleeding  and  pulling  it  taut,  it  can  be  traced  up 
to  the  foramen  rotundum  and  Meckel's  (spheno-palatine)  ganglion  identi- 
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fied.  While  traction  is  kept  up  on  the  ligature  attached  to  the  nerve,  a 
pair  of  Spencer  Wells's  forceps  is  slipped  up  around  the  trunk  nearly  to 
the  foramen  rotundum  and  the  nerve  is  either  pulled  out  forcibly  from, 
or  cut  off  flush  with  the  foramen  with  a  pair  of  curved  scissors ;  in  either 
case  the  ganglion  will  come  away  with  the  trunk.  The  nerve  should 
always  be  pulled  as  far  out  of  the  foramen  as  possible,  so  that  it  may 
retract  inside  it  after  it  has  been  divided. 


RESECTION  OF  THE  INFERIOR  MAXILLARY  NERVE 

Anatomy.  The  third  or  inferior  maxillary  (mandibular)  division  of 
the  fifth  nerve  leaves  the  skull  by  the  foramen  ovale,  and  divides  almost 
immediately  into  two  main  branches,  the  anterior  being  the  smaller  and 
giving  off  the  temporal,  masseteric,  buccal,  and  the  external  pterygoid 
branches.  From  the  posterior  or  larger  division  arise  the  auriculo- 
temporal, lingual,  and  inferior  dental  (alveolar)  branches. 

In  trigeminal  neuralgia  the  pain  may  be  most  marked  in,  or  entirely 
confined  to,  this  division  of  the  fifth  nerve,  and  under  these  circum- 
stances it  is  usual  to  try  the  effect  of  division  of  its  terminal  branches 
in  the  first  instance.  Should  this  fail,  it  has  been  recommended  to 
divide  the  main  trunk  at  its  exit  from  the  foramen  ovale,  but,  having 
regard  to  the  want  of  success  of  the  operation  as  regards  recurrence  of 
pain,  and  looking  also  at  the  severity  of  the  operative  procedure  and  the 
disfigurement  it  entails,  it  would  seem  better  to  expose  and  remove  the 
Gasserian  ganglion  in  all  cases  of  neuralgia  of  the  third  division  in 
which  neurectomy  of  the  inferior  dental  (alveolar)  or  lingual  branches 
has  proved  ineffectual. 

Resection  of  the  inferior  dental  nerve.  Indications, 
(i)  Persistent  neuralgia.  This  operation  will  be  practised  when  the 
neuralgia  is  comparatively  recent  and  is  limited  to  the  distribution  of 
the  inferior  dental  nerve,  or  to  it  and  the  lingual  branch,  in  which  case 
the  latter  nerve  will  be  divided  at  the  same  time  (see  p.  588). 

(ii)  Certain  cases  of  inoperable  cancer  of  the  tongue  or  jaw  in  which 
the  pain  is  excessive  and  cannot  be  subdued  by  narcotics.  Simultaneous 
resection  of  the  lingual  nerve  (see  p.  588)  will  be  probably  required 
here  also. 

Operation.  The  patient's  head  is  well  propped  up  and  the  mouth 
is  opened  widely  with  a  gag ;  the  table  must  be  so  arranged  that  a  good 
natural  or  reflected  light  is  directed  upon  the  affected  side.  The  surgeon 
stands  on  the  opposite  side,  and  the  tongue  is  pulled  to  that  side  and 
kept  well  out  of  the  way  by  a  suitable  broad  tongue  depressor.  As  it  is 
essential  that  the  tongue  should  not  slip  and  obscure  the  view,  a  stout 
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silk  ligature  passed  well  through  its  centre  may  be  used  as  a  retractor, 
or  sharp-pointed  single  tenaculum  forceps  may  be  used. 

An  incision  about  one  inch  long  is  made  parallel  with,  and  just 
internal  or  posterior  to,  the  anterior  border  of  the  ascending  ramus  of 
the  jaw,  and  the  muco-periosteum  is  separated  from  the  bone  until  the 
inferior  dental  (mandibular)  spine  is  felt  above  the  commencement  of 
the  inferior  dental  (mandibular)  canal.  The  long  internal  lateral 
(spheno-mandibular)  ligament  of  the  jaw,  which  is  attached  to  the  spine, 
is  carefully  divided  with  fine  blunt-pointed  scissors,  and  then  the  inferior 
dental  (alveolar)  nerve  is  identified  just  behind  this  and  hooked  up  into 
the  wound.  There  is  free  oozing  during  this  stage  of  the  operation,  and 
it  may  be  advisable  to  have  recourse  to  temporary  plugging  with  adrena- 
lin chloride  (i  in  i,ooo).  The  nerve  lies  in  front  of  the  inferior  dental 
(alveolar)  vessels,  but  it  is  close  to  them  as  it  enters  the  canal,  and 
they  may  be  easily  wounded  by  careless  manipulation.  Half  an  inch 
or  more  of  the  nerve  is  removed  with  scissors,  and  the  wound  is  left 
to  heal  by  granulation. 

The  mouth  is  washed  out  frequently  with  a  mouth-wash  containing 
one  drachm  of  sanitas  to  the  pint.  The  patient  is  generally  well  in  a 
week ;  there  is  stiffness  and  pain  in  the  jaw  for  the  first  few  days  only. 

This  operation  is  much  to  be  preferred  to  the  method  of  reaching 
the  nerve  through  the  outside  of  the  cheek  by  exposing  and  deepening 
the  sigmoid  (mandibular)  notch  of  the  lower  jaw.  The  latter  method  is 
easy,  but  it  leaves  an  unsightly  scar  and  therefore  will  not  be  described; 
the  intra-buccal  method  described  above,  although  rather  difficult  owing 
to  the  free  venous  oozing,  is  nevertheless  to  be  preferred. 

Resection  of  the  lingual  nerve.  Indications.  As  for  the  pre- 
ceding operation  (see  p.  587). 

Operation.  The  patient  is  propped  well  up,  the  head  is  turned  to 
the  opposite  side,  and  the  mouth  is  opened  widely,  while  the  tip  of  the 
tongue  is  grasped  in  forceps  and  pulled  firmly  to  the  opposite  side.  The 
nerve  at  once  stands  out  in  relief  beneath  the  mucous  membrane  of  the 
tongue  behind  the  last  lower  molar  tooth.  An  incision  about  half  an 
inch  long  is  made  parallel  to  and  just  over  the  nerve,  which  is  caught 
up  with  a  blunt  hook  and  the  desired  portion  excised.  No  sutures  arc 
needed  to  close  the  wound  in  the  mucous  membrane. 

Resection  of  the  auriculo-temporal  nerve.    Indications.    This 

operation  is  hardly  likely  to  be  called  for  in  the  living  subject. 
Pain  in  the  auriculo-temporal  nerve  in  cases  of  trigeminal  neuralgia 
will  usually  call  for  more  radical  measures,  such  as  removal  of  the 
Gasserian  ganglion.  When  pain  in  this  nerve  occurs  in  connexion  with 
cancer  of  the  tongue  or  jaw  the  pain  is  reflex,  and  may  be  stopped 
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by  division  of  the  lingual  or  inferior  dental  (mandibular)  nerves  or 
both. 

Operation.  The  nerve  can  be  exposed  by  a  vertical  incision  over 
the  posterior  root  of  the  zygoma  midway  between  the  tragus  and  the 
condyle  of  the  jaw.  The  incision  need  only  be  half  an  inch  in  length, 
and  the  nerve  will  be  found  posterior  to  and  parallel  with  the  superficial 
temporal  artery  (see  Fig.  218). 

REMOVAL  OF  THE  GASSERIAN  GANGLION 

Indications.  Removal  of  the  Gasserian  (semilunar)  ganglion  is  the 
only  reliable  cure  for  inveterate  trigeminal  neuralgia  that  has  resisted 
prolonged  medical  treatment  and  has  recurred  after  any  of  the  pre- 
ceding operations  upon  the  branches  of  the  fifth  nerve  have  failed  to 
give  permanent  relief.  The  operation  is  one  of  considerable  severity, 
and  the  mortality  directly  traceable  to  it  is  still  comparatively  high; 
therefore  it  should  not  be  resorted  to  until  it  is  clear  that  other  methods 
have  proved  ineffectual.  At  the  present  time  most  surgeons  perform 
resection  of  some  of  the  terminal  branches  of  the  fifth,  such  as  the  infra- 
orbital, lingual,  or  inferior  dental  (alveolar)  nerves,  before  proceeding 
to  remove  the  ganglion,  because  the  period  of  freedom  from  pain 
following  these  milder  operations  is  often  considerable.  On  the  other 
hand  it  is  important  that  the  operation  should  not  be  delayed  until  the 
patient  is  broken  down  in  health  by  the  excessive  pain,  want  of  sleep,  and, 
possibly,  abuse  of  morphine. 

Surgical  anatomy.  The  Gasserian  (semilunar)  ganglion  is  reniform 
in  shape  with  its  convexity  directed  forwards  and  outwards.  It  rests 
in  a  special  depression  upon  the  upper  surface  of  the  petrous  portion  of 
the  temporal  bone  and  the  cartilage  filling  up  the  foramen  lacerum 
medium.  It  is  of  a  reddish  grey  colour  and  lies  in  a  cleft  in  the  dura 
mater  (Meckel's  cave).  From  its  anterior  border  are  given  off  three 
main  divisions,  the  first  or  ophthalmic  being  long  and  slender  and  running 
horizontally  forwards,  whilst  the  third  or  mandibular  division  is  short 
and  stout  and  passes  almost  vertically  down  from  the  ganglion  to  the 
foramen  ovale  so  that  very  little  of  it  is  seen  in  the  field  of  operation. 
The  middle  or  (superior)  maxillary  division  is  longer  and  is  intermediate 
in  size  between  the  other  two ;  it  passes  forwards  and  a  little  downwards 
to  the  foramen  rotundum.  Both  the  ophthalmic  and  the  (superior) 
maxillary  divisions  lie  in  close  relation  to  the  outer  wall  of  the  cavernous 
sinus,  particularly  the  former,  which  lies  a  little  below  and  parallel 
to  the  fourth  nerve  until  the  latter's  disappearance  into  the  orbit  through 
the  sphenoidal  (superior  orbital)  fissure.    The  inferior  maxillary  (man- 
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dibular)  branch  receives  the  small  motor  root  of  the  trigeminal  nerve, 
which  passes  forward  beneath  the  ganglion;  beyond  the  foramen  ovale 
they  join  together  to  form  the  inferior  maxillary  (mandibular)  branch. 
The  point  at  which  the  trigeminal  nerve  expands  into  the  ganglion  is 
within  the  dura  mater,  which  here  forms  a  sheath  of  investment  around 
it.  The  ganglion  itself,  or  at  any  rate  the  greater  portion  of  it,  and  its 
main  divisions  lie  outside  the  dura  mater. 

Operation.  A  number  of  methods  have  been  employed  for  the 
exposure  and  removal  of  this  structure.  The  one  first  described  was  by 
an  extra-dural  route  through  the  foramen  ovale,  and  was  introduced  by 
Professor  Rose,  who  was  the  first  surgeon  to  remove  the  ganglion 
{Lancet,  November  i,  1890).  This  method,  however,  has  fallen  entirely 
into  disuse  owing  to  the  difficulty,  danger,  and  uncertainty  attending  it. 
It  is  certain  that  in  very  few  cases  was  the  ganglion  reached  and  entirely 
removed  by  this  method. 

The  next  operation  in  chronological  order  is  that  of  Sir  Victor 
Horsley,  who  opened  the  skull  from  the  temporal  region,  divided  the 
dura  mater,  lifted  up  the  temporo-sphenoidal  lobe,  and  removed  the 
ganglion  from  within  the  dura  mater.  The  patient  died  of  shock,  and 
the  operation  did  not  become  popular.  Its  place  was  soon  taken  by  the 
method  now  known  as  the  Hartley-Krause  method,  which  was  described 
independently  by  Dr.  Hartley  (Nczv  York  Medical  Journal,  vol.  Iv,  1892) 
and  Professor  Krause  {Deutsche  Med.  IVochenschrift,  1893,  No.  15), 
the  details  of  which  are  given  on  p.  600.  It  will  be  seen  that  this  method 
consists  essentially  in  making  a  large  opening  in  the  temporal  region, 
either  with  or  without  an  osteoplastic  flap,  and  then  raising  the  dura 
mater  from  the  floor  of  the  middle  fossa  of  the  base  of  the  skull  until 
the  ganglion  is  reached  and  can  be  removed. 

This  method  held  the  field  for  a  considerable  time  to  the  exclusion 
of  all  others,  and  is  even  now  the  operation  most  generally  practised. 
While  it  may  well  be  granted  that  this  method  is  a  great  improvement 
upon  its  predecessors,  it  will  probably  have  occurred  to  most  of  those 
who  have  performed  it  that  the  opening  in  the  skull  is  placed  too  high 
up,  and  that  the  difficulties  of  the  operation  are  greatly  increased  by 
having  to  raise  the  brain  inside  the  dura  mater  for  a  considerable  distance 
out  of  the  floor  of  the  middle  fossa  before  the  ganglion  can  be  reached. 
Examination  of  the  skull  will  show  that  if  the  opening  be  made  lower 
down,  the  operation  can  be  done  with  much  less  interference  to  these 
important  structures,  and  in  my  last  four  cases  I  have  abandoned  the 
Hartlcv-Krause  method  in  favour  of  a  modification  of  the  method  intro- 
duced  by  Gushing  and  described  by  Kocher  {Operative  Surgery,  trans- 
lated by  H.  J.  Stiles,  2nd  ed.,  1903). 
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The  modified  Gushing  method.  The  operation  that  I  use  is  a 
compromise  between  that  of  Gushing,  who  peels  down  the  temporal 
muscle,  and  therefore  restricts  the  field  of  operation,  and  that  of  Doyen, 
who,  after  sawing  through  the  zygoma  as  Gushing  does,  divides  the 
attachment  of  the  temporal  muscle  to  the  coronoid  process  and  turns 
it  and  its  tendon  upwards,  thus  giving  a  clear  space  above  the  pterygoid 
ridge  where  space  is  of  most  value.  In  Doyen's  operation  a  trephine 
opening  is  made  immediately  above  the  pterygoid  ridge  and,  after  the 
inferior  maxillary  (mandibular)  nerve  has  been  identified  as  it  leaves 
the  foramen  ovale,  the  base  of  the  skull  is  chiselled  away  between  the 
trephine  opening  and  the  outer  margin  of  the  foramen  ovale.  In  this 
way  it  is  possible  to  get  at  and  remove  the  ganglion  without  disturbing 
the  dura  mater,  and  therefore  without  exerting  injurious  pressure  upon 
the  brain  above. 

I  am  inclined  to  think  that  the  methods  of  both  Doyen  and  Gushing 
are  superior  to  the  Hartley-Krause ;  of  the  two  I  prefer  that  of  Gushing 
modified  in  the  manner  to  be  described  immediately,  as  the  removal  of 
the  thick  base  of  the  skull  in  Doyen's  method  gives  rise  to  bleeding,  which 
is  not  only  exceedingly  troublesome,  but  may  be  actually  dangerous. 

The  modified  Gushing  method  will  be  described  first  in  full;  subse- 
quently the  chief  steps  of  the  other  operations  will  be  indicated  briefly. 

Operation.  Shock  must  be  guarded  against  most  carefully,  as  the 
operation  is  sure  to  be  prolonged  under  the  most  favourable  circum- 
stances; if  the  operator  be  inexperienced  it  is  no  uncommon  thing  for 
it  to  last  more  than  two  hours.  Moreover,  the  patient  is  generally  elderly 
and  broken  down  in  health,  and  the  bleeding  is  always  free.  The  operat- 
ing room  should  be  at  a  temperature  of  at  least  70°  F.,  the  patient  should 
be  warmly  wrapped  up  upon  a  hot-water  table,  and  should  have  a 
nutrient  enema  containing  i  oz.  of  brandy  before  operation.  The  appa- 
ratus for  saline  intra-venous  infusion  should  be  at  hand.  The  surgeon 
must  be  provided  with  a  powerful  electric  forehead-lamp,  without  which 
it  is  impossible  to  get  a  good  view  of  the  depths  of  the  wound;  the  lamp, 
properly  focused,  should  be  fitted  on  before  the  operation  is  begun,  so 
that  an  assistant  can  switch  on  the  light  during  the  operation  and  the 
surgeon  need  not  touch  the  lamp  himself.  Horsley's  aseptic  wax  *  and 
adrenalin  chloride  should  be  at  hand. 

The  patient  should  be  propped  up  as  much  as  the  anaesthetist  will 
allow,  in  order  to  minimize  the  venous  oozing  which  is  invariably  a 
serious  hindrance  during  the  operation,  and  the  head  should  be  thrown 

*  Beeswax  7  parts,  almond  oil  i  part,  and  salicylic  acid  i  part.  This  is  mixed 
and  sterilized  by  immersion  in  boiling  water,  and  is  kept  under  i  in  20  carbolic 
solution.    It  is  a  hardish  wax  that  must  be  softened  by  working  it  up  in  the  fingers. 
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somewhat  back  and  turned  slightly  to  the  opposite  side;  a  special  head- 
rest attached  to  the  table  very  greatly  facilitates  matters.  A  most  impor- 
tant point  is  to  see  that  the  anaesthetist  and  his  apparatus  do  not  trespass 
upon  the  field  of  operation.  The  operation  is  a  long  one,  and  there  must 
always  be  a  risk  of  septic  infection  owing  to  the  proximity  of  the  wound 
to  various  sources  of  contamination. 

After  numerous  trials  I  have  found  that  the  best  way  of  securing 
this  object  is  to  fasten  one  edge  of  a  sterilized  towel  to  the  skin  all  around 
the  proposed  area  of  operation  by  means  either  of  sutures  or  special 
forceps,  which  clip  the  skin  to  the  towel.  The  other  edge  of  the  towel 
is  then  hung  over  a  suitable  rest,  so  that  it  serves  as  a  curtain  which 
cuts  the  anaesthetist  off  from  the  field  of  operation.  This  plan  is  much 
more  satisfactory  than  the  method  of  laying  cloths  around  the  operation 
area  and  encircling  the  head  with  them.  It  is  impossible  to  prevent  the 
towels  from  becoming  displaced  unless  they  are  actually  fastened  to  the 
skin,  and  in  this  particular  operation  even  a  slight  displacement  may 
open  the  door  to  septic  contamination,  which  has  had  such  serious 
results  in  the  past.  Another  not  inconsiderable  advantage  of  securing 
the  cloths  to  the  skin  in  this  manner  is  that  a  much  smaller  area  of  the 
scalp  need  be  shaved  and  purified.  It  used  to  be  the  custom  to  shave 
at  least  half  of  the  scalp,  and  in  many  cases  the  whole  of  the  hair-bearing 
area  was  shaved  and  purified.  This  is  a  very  serious  drawback,  espe- 
cially in  women,  and  experience  shows  that  it  is  not  necessary.  If  the 
sterilized  cloths  be  secured  around  the  operation  area  in  the  manner 
recommended,  it  is  sufficient  to  shave  the  hair  for  the  space  of  a  clear 
inch  and  a  half  around  the  incision  in  all  directions,  and  if  the  cloths 
be  fastened  to  the  edge  of  this  space  it  is  impossible  for  contamination 
from  the  hair  to  occur,  while  the  plan  has  the  great  advantage  that 
after  recovery  the  area  of  operation  is  comparatively  easily  hidden  by 
dressing  the  hair  over  it.  I  have  adopted  this  plan  in  these  cases  for 
the  last  two  years,  and  have  also  employed  it  in  operations  upon  the 
mastoid  antrum,  in  which  preservation  of  as  much  of  the  hair  as  pos- 
sible is  a  point  that  appeals  very  strongly  to  the  patient.  I  have  found 
that  the  incision  can  be  carried  into  close  proximity  with  the  hairy  scalp 
without  any  risk  of  infection. 

The  temporal  region  is  purified  by  means  of  the  usual  compress 
applied  overnight,  and  by  thorough  purification  immediately  before  the 
operation.  It  is  important  to  protect  the  conjunctiva  on  the  affected 
side,  and  this  is  best  done  by  suturing  the  eyelids  together.  The  con- 
junctiva and  the  conjunctival  sac  are  first  washed  out  with  warm  boric 
lotion  (gr.  v  ad  oi),  and  the  lids  are  then  stitched  together  by  pinching 
up  a  fold  of  each  and  fastening  them  with  a  running  stitch  of  fine 
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silkworm-gut.     This  suture  is  left  in  place  for  a  few  clays  after  the 
operation  {see  p.  599). 

The  incision  generally  used  is  omega-shaped  (see  Fig.  242);  this 
gives  a  good  exposure  if  it  be  carried  down  to  the  level  of  the  zjgoma. 
This,  however,  entails  division  of  the  nerve-supply  to  the  orbicularis,  and 
therefore  for  the  last  two  years  I  have  substituted  the  sickle-shaped 
incision  (Fig.  235),  which  avoids  the  branches  of  the  facial  nerve.    This 


Fig.  2$$.  Incision  for  Removal  of  the  Gassebian  Ganglion.  The  draw- 
ing shows  the  sterilized  cloth  sewn  to  the  skin.  In  the  actual  operation  the  free 
edge  of  this  is  hung  over  a  special  screen. 

incision  commences  well  below  the  zygoma  just  in  front  of  the  superficial 
temporal  artery,  and  runs  vertically  up  for  about  an  inch  and  a  half; 
it  then  takes  a  bold  curve  with  its  concavity  forwards,  extending  up 
as  far  as  the  outer  angle  of  the  orbit.  This  is  practically  identical  with 
the  later  incision  recommended  by  Gushing  (Annals  of  Surgery,  1906, 
vol.  xliii,  p.  i).  Quite  a  good  exposure  is  got  by  dragging  the  skin  flap 
downwar4s  and  forwards  over  the  zygoma.  Both  these  incisions  only 
go  down  to  the  deep  fascia. 

The  temporal  fascia  and  the  periosteum  are  divided  over  the  posterior 
end  of  the  zygoma,  and  that  bone  i.'i  sawn  through  or  divided  with 
cutting  pliers.     The  temporal  fascia  is  then  divided  along  the  upper 
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margin  of  the  bone  until  its  anterior  end  is  exposed.  This  is  divided 
in  a  similar  manner,  and  the  bone,  together  with  the  muscle  and  fascia 
attached  to  it,  can  then  i)e  drawn  downwards  hy  a  retractor.  This  brings 
into  view  the  coronoid  process  with  the  tendon  of  the  temporal  muscle 
inserted  into  it  (see  Fig.  236).  The  coronoid  process  is  sawn  through, 
or  the  temporal  tendon  is  detached  from  it,  whichever  seems  the  more 
easy  to  the  operator,  and,  when  this  has  been  done,  the  temporal  muscle 
is  turned  up  so  as  to  expose  the  lateral  surface  of  the  skull  just  above 
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Fig.  236.     Section  of  the  Zygoma,     The  temporal  muscle  is  exposed  to  view. 

the  pterygoid  ridge.  This  is  the  region  in  which  the  skull  is  to  be 
opened,  and  the  opening  may  be  made  either  with  a  one-inch  trephine  or 
with  a  gonge.  The  former  method  is  the  more  rapid,  the  latter  perhaps 
the  safer,  but  in  any  case  the  bone  must  be  cut  through  very  cautiously 
owing  to  the  varying  thickness  of  the  skull.  Much  inconvenience  will  be 
caused  to  the  operator  should  the  dura  mater  be  inadvertently  opened 
at  this  stage  of  the  operation. 

When  the  opening  in  the  skull  has  been  made  it  must  be  enlarged 
in  all  directions  with  suitable  bone-cntting  forceps,  preferably  as  much 
downwards    as    possible,    .'^o    as    tu    make    the    opening    in    the    bone 
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nearly  on  a  level  with  the  floor  of  the  middle  fossa  of  the  base  of 
the  skull.  An  opening  two  and  a  half  inches  from  front  to  back  and 
two  inches  from  above  downwards  ought  to  give  enough  room  for  the 
subsequent  manipulations  (see  Fig.  237).  During  this  stage  of  the 
operation,  very  troublesome  bleeding  from  the  bone  and  the  pterygoid 
plexus  is  nearly  always  encountered.  Bleeding  from  the  bone  can  be 
stopped  by  pressing  Horsley's  wax  firmly  into  the  bleeding  surface  if  nec- 
essary, whilst  the  venous  oozing  is  best  controlled  by  packing  the  wound 
firmly  with  gauze  impregnated  with  adrenalin  chloride  (i  in  1,000). 


Fig.  237.  Exposure  of  the  Floor  of  the  Middle  Fossa  of.  the  Base  of 
THE  Skull.  The  tlura  mater  is  being  lifted  out  of  tlie  base  of  the  middle  fossa. 
The  temporal  muscle  lias  been  turned  up  and  the  flap  protected  by  gauze. 

The  next  step  is  to  raise  ihe  dura  nialer  from  the  base  of  the  skull, 
and  this  should  he  done  at  first  with  a  fine  instrument  like  Horsley's 
dura  mater  separator,  but.  as  the  operation  proceeds,  the  finger  should 
be  substituted  for  it.  The  dura  mater  and  the  superjacent  brain  are 
raised  gently  ami  slowly  so  as  to  mould  the  brain  gradually  into  its  new 
position  and  to  avoid  bruising  its  under  surface.     Broad,  thin,  flexible 
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spatulae  are  most  useful  for  holding  up  the  brain,  and  a  number  of  vary- 
ing widths  should  be  at  hand. 

The  first  structure  met  with  on  raising  the  dura  from  the  floor  of 
the  middle  fossa  will  probably  be  the  middle  meningeal  artery.  The 
vessel  enters  the  skull  through  the  foramen  spinosum,  which  lies  behind 
and  to  the  outer  side  of  the  foramen  ovale. 
As  a  rule,  the  artery  need  not  be  interfered 
with,  but  if  it  gets  in  the  way  it  will  be  neces- 
sary to  secure  it.  The  best  way  of  doing  this 
is  to  seize  and  divide  it  between  two  pairs  of 
forceps  some  distance  above  the  foramen; 
the  proximal  end  is  then  twisted  up  several 
times  and,  if  necessary,  pushed  down  into 
the  foramen  with  a  stout  probe.  Another 
plan  is  to  pass  a  ligature  round  it  by  means 
of  an  aneurysm  needle  with  a  very  small 
cur\'e,  or  special  forceps  (see  Fig.  238),  and 
tie  it  just  above  the  foramen.  If  by  mis- 
chance the  artery  should  be  torn  across  flush 
with  the  foramen,  the  bleeding  from  it  may 
be  stopped  by  pushing  a  probe  well  into  the 
foramen,  or.  failing  this,  by  plugging  the 
latter  with  Horsley's  wax. 

As  the  separation  of  the  dura  mater  pro- 
ceeds, the  three  divisions  of  the  nerve  come 
into  view;  first  the  third,  then  the  second, 
deeply  seated  vessels.  The  and  finally  the  first  division  are  seen  (see 
suture  is  held  taut  by  the  pjg  239).  The  second  division  is  usually 
the  most  noticeable,  and  the  third  is  quite 
short  and  may  be  difficult  to  identify  at  first. 
At  this  stage  of  the  operation  there  is  usually 
free  oozing,  which  has  to  be  met  by  continu- 
ous sponging  and  the  use  of  adrenalin  and 
firm  temporary  packing. 
In  order  to  diminish  the  risk  of  arterial  bleeding  still  further,  Crile 
(Annals  of  Surgery,  1906,  vol.  xliv,  p.  842)  exposes  the  common  carotid 
artery  and  clamps  it  temporarily  by  his  temporary  compressors. 
In  spite  of  these  precautions  there  will  still  be  serious  oozing  from 
the  veins  and  sinuses  inside  the  skull,  and  to  check  this  he  keeps 
small  rolls  or  pledgets  of  sterilized  gauze  pressed  firmly  round  the  opera- 
tion area  with  special  spatula,  shaped  like  small  tongue  depressors. 
These  compress  the  bleeding  points  and  keep  the  operation  area  free  of 


Fig.  238.  Schoemaker's 
Artery  Forceps.  This  is  an 
ingenious  device   for  tying 


dips  on  the  handle,  and  the 
forceps  are  used  to  pick  up 
the  vessel,  just  as  are  Spen- 
cer Wells's.  When  the  ves- 
sel has  been  seized,  the 
ligature  is  loosened  from 
the  clips  and  tied. 
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blood;  they  are  shifted   from  place  to  place  as  the  operation  pro- 
gresses. 

Of  the  usefulness  of  this  latter  precautior.  I  can  speak  from  expe- 
rience. With  a  proper  supply  of  small  pledgets  and  an  assistant  who 
understands  where  to  pack  them,  the  later  stages  of  the  operation,  which 
are  generally  the  most  difficult,  are  greatly  facilitated.  I  have  never 
had  recourse  to  temporary  clamping  of  the  carotid  in  this  operation,  as 


Fig.  239.    Exposure  of  the  Gasserian  Ganglion.    The  ganglion  and  its  three 

branches  are  seen  lying  deep  inside  the  skull. 

the  arterial  bleeding  is  usually  very  slight  if  the  superficial  temporal 
be  tied  at  an  early  stage  and  care  be  taken  not  to  injure  the  middle 
meningeal  when  raising  the  dura  mater.  When,  however,  the  orthodox 
Hartley-Krause  method  is  adopted  there  is  often  very  severe  haemorrhage 
in  turning  down  the  omega-shaped  flap,  and  it  is  also  easy  to  damage 
the  middle  meningeal  artery  and  difficult  to  pick  it  up;  under  these 
circumstances  temporary  compression  of  the  common  carotid  may  be 
worth  the  extra  time  that  it  entails. 

The  dura  mater  is  steadily  raised  from  the  upper  surface  of  the 
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nerves  and  the  ganglion  until  they  are  thoroughly  exposed;  the  dura 
mater  may  be  punctured  at  this  stage  of  the  operation,  in  which  case  the 
cerebro-spinal  fluid  escapes  and  allows  it  to  collapse  somewhat.  The 
third  division  is  isolated  by  means  of  a  fine  dissector  and  is  caught  up  on 
a  fine  blunt  hook  and  divided  with  a  blunt-pointed  tenotome  as  close  to 
the  foramen  ovale  as  possible.  The  motor  root  of  the  fifth  lies  behind  the 
main  trunk  and  should  be  left  intact.  The  divided  proximal  end  of  the 
third  division  is  now  caught  up  in  strong  long-handled  catch  forceps  and 
lifted  upwards  and  forwards  so  as  to  put  the  posterior  and  outer  margins 
of  the  ganglion  upon  the  stretch.  This  portion  of  the  periphery  of  the 
ganglion  is  isolated  with  a  fine  dissector,  and  the  main  trunk  of  the  fifth 
nerve  is  cut  across  well  behind  the  ganglion,  which  is  then  pulled  forward, 
separated  from  the  bone  beneath,  and  its  first  and  second  divisions  gently 
raised  from  the  wall  of  the  cavernous  sinus  and  divided  as  far  forward 
,as  possible.  If  the  motor  root  of  the  nerve  can  be  identified  when  the 
ganglion  is  raised  from  its  bed  it  should  be  left  uninjured,  but  this  is  often 
impossible  owing  to  free  oozing  from  the  small  tributaries  of  the  sinus. 

Some  authorities  recommend  that  the  ophthalmic  division  should  be 
left  intact  whenever  the  pain  in  that  branch  is  not  pronounced;  person- 
ally, I  am  in  favour  of  removing  all  three  branches  with  the  ganglion 
for  fear  of  recurrence.  Should  the  surgeon  decide,  however,  to  leave  the 
ophthalmic  division  intact,  his  best  plan,  after  having  divided  and 
secured  the  third  division,  is  to  divide  the  second  division  at  the  foramen 
rotundum  and  seize  it  in  forceps  as  he  did  the  third  division ;  in  this  way 
the  ganglion  can  be  lifted  out  of  its  bed  and  removed  by  a  few  snips  of 
a  pair  of  fine  blunt-pointed  scissors,  while  the  first  division  is  left  intact. 

The  advantage  of  dividing  the  nerve  behind  the  ganglion  and  turning 
the  latter  forwards  with  the  second  division  attached  to  it  is  that  there 
is  less  likely  to  be  serious  bleeding  from  the  cavernous  sinus,  which  is 
easily  wounded  when  the  second  division  is  separated  from  it.  Should 
this  accident  happen,  the  operation  must  be  suspended  for  some  minutes 
while  the  wound  is  packed  firmly  with  pieces  of  sponge  or  gauze  impreg- 
nated with  adrenalin  chloride  (i  in  i,ooo)  and  the  patient's  head  is 
raised.  The  bleeding  is  sometimes  so  profuse  as  to  be  positively  terrify- 
ing; however,  it  invariably  ceases  in  a  short  time. 

When  the  ganglion  has  been  removed,  the  dura  mater  is  allowed  to 
fall  into  place,  when  the  bleeding  will  generally  stop  and  the  wound  can 
be  closed;  as  a  rule  no  drainage  tube  is  required,  but  if  the  bleeding 
persist  in  spite  of  elevation  of  the  head,  a  small  tube  must  be  inserted 
just  beneath  the  dura  at  the  entrance  to  the  skull;  it  may  be  removed 
in  twenty- four  hours.  If  the  motor  root  of  the  nerve  has  been  divided, 
it  is  unnecessary  to  suture  the  divided  tendon  of  the  temporal  muscle,  or 
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to  wire  the  zygoma  in  position,  as  both  the  temporal  and  the  masseter 
muscles  will  be  paralysed ;  the  temporal  tendon  may  be  united  with  catgut 
sutures,  however,  should  it  be  necessary,  and  the  zygoma  may  be  drilled 
and  fastened  with  catgut.  This  will  be  done  whenever  it  has  been  pos- 
sible to  save  the  motor  root.  If  a  drainage  tube  be  inserted  through  the 
opening  in  the  bone  it  should  be  brought  out  through  one  extremity  of 
the.incision.  Large  dressings  are  applied  to  the  head,  and  a  separate  pad 
is  fastened  over  the  eye.  When  put  back  in  bed  the  patient  should  be 
propped  up  in  the  sitting  position  for  the  first  twelve  or  twenty-four 
hours. 

After-treatment.  There  is  usually  considerable  shock  which,  how- 
ever, rarely  proves  fatal.  It  varies  with  the  amount  of  blood  lost  at  the 
time  of  the  operation,  and,  in  bad  cases,  it  will  be  necessary  to  have 
recourse  to  subcutaneous  saline  infusion.  In  any  case  the  patient  should 
have  an  enema  immediately  after  the  operation  containing  i  oz.  of  brandy, 
I  oz.  of  strong  coffee,  and  2  oz.  of  beef  tea,  to  which  30  min.  of  laudanum 
may  be  added.  A  saline  rectal  injection  ( 10  oz.)  at  the  body  temperature 
may  be  given  two  hours  later  and  repeated  in  four  hours  if  necessary. 
The  shock  is  rarely  bad  enough  to  call  for  intravenous  infusion. 

If  a  drainage  tube  has  been  inserted,  it  should  be  removed  at  the 
end  of  forty-eight  hours  at  the  latest ;  it  is  always  best  to  dispense  with 
one  if  possible,  as  cerebro-spinal  fluid  may  continue  to  leak  from  the 
wound  for  some  time  if  one  be  used.  The  dressing  over  the  eye  should  be 
renewed,  and  the  lids  washed  with  boric  lotion  daily.  The  stitches  may 
be  taken  out  of  the  lids  on  the  fourth  or  fifth  day,  but  the  eye  should 
be  kept  protected  by  a  dressing  for  at  least  three  or  four  weeks  after 
the  operation.  The  stitches  can  be  removed  from  the  scalp  wound  about 
the  ninth  or  tenth  day,  and  the  aperture  in  the  skull  needs  no  protection 
and  soon  becomes  inconspicuous,  being  low  down  and  well  protected. 
If  the  motor  root  has  been  left  undisturbed,  the  masseteric  and  the 
temporal  muscles  will  not  be  paralysed;  if  this  be  the  case  the  surgeon 
will  have  reunited  the  temporal  muscle  to  the  coronoid  process  and  have 
fastened  the  zygoma  in  position  before  closing  the  wound,  and  as  a 
result  the  patient  may  get  good  movement  of  the  jaw.  In  most  cases, 
however,  the  motor  root  is  divided  when  the  ganglion  is  removed,  and 
the  movement  of  the  jaw  is  permanently  defective.  Little  complaint 
is  made  of  this  inconvenience,  however,  as  the  relief  of  pain  following 
removal  of  the  ganglion  far  outweighs  it. 

Difficulties  and  dangers.  The  chief  difficulty  in  the  operation  is 
hccmorrhage.  In  the  early  stages  of  the  operation  this  is  comparatively 
unimportant  if  the  steps  detailed  above  be  followed.  In  Cushing's 
original  method,  however,  in  which  the  temporal  muscle  is  stripped  off 
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the  bone,  there  may  be  considerable  bleeding  from  the  divided  branches 
of  the  temporal  vessels  even  at  this  stage.  The  serious  haemorrhage 
occurs  during  the  separation  of  the  dura  mater  in  order  to  expose  the 
ganglion,  and  may  arise  either  from  a  wound  of  the  middle  meningeal 
artery  or  damage  to  the  cavernous  sinus.  Bleeding  may  also  occur  from 
the  small  (accessory)  meningeal,  which  passes  through  the  foramen 
ovale,  when  the  third  division  is  cut.  Both  these  vessels  may  be  secured 
either  by  ligature  (see  p.  595),  or  if  that  fail,  by  the  application  of 
Horsley's  wax. 

The  most  serious  bleeding,  however,  is  from  the  cavernous  sinus, 
which  is  in  close  relation  to  the  first  and  second  divisions  of  the  nerve ; 
both  branches  run  along  its  outer  wall.  In  order  to  avoid  injuring  it 
the  precautions  given  above  should  be  strictly  followed,  and  the  most 
cautious  manipulation,  careful  sponging,  and  perfect  illumination  must 
be  secured  if  a  clear  view  is  to  be  obtained  and  injury  to  any  structure 
save  the  ganglion  itself  is  to  be  avoided.  Wound  of  the  cavernous  sinus 
is  followed  not  only  by  the  most  alarmingly  profuse  haemorrhage  at 
the  time,  but  not  infrequently  by  thrombosis  of  the  sinus  subsequently, 
a  complication  marked  by  proptosis,  intense  chemosis,  retinal  haemor- 
rhages, oedema  over  the  mastoid  region,  and  permanently  impaired  vision 
or  temporary  blindness;  there  is  usually,  also,  temporary  paralysis  of 
all  the  ocular  muscles.  Should  such  an  accident  occur,  the  best  plan 
is  to  plug  the  area  from  which  the  bleeding  comes  with  a  small  piece  of 
gauze  and  leave  it  in  place  for  ten  or  fifteen  minutes,  after  which  the 
bleeding  will  generally  cease  spontaneously.  It  has  happened,  however, 
that  the  bleeding  from  this  cause  has  been  so  free  that  the  operation 
has  had  to  be  abandoned,  and  the  wound  packed  with  gauze  which  was 
removed  at  a  subsequent  dressing.  It  is,  however,  very  unlikely  that 
this  procedure  will  be  necessary,  and  it  is  generally  possible  to  sew  the 
wound  up  without  a  drainage  tube,  since  the  bleeding  ceases  when  the 
dura  mater  is  allowed  to  fall  back  into  place. 

Another  complication  is  shocks  which  is  generally  associated  with 
loss  of  blood.  The  precautions  against  this  have  already  been  given 
(see  p.  591).  It  may  be  so  severe  as  to  prove  fatal  in  old  and  broken- 
down  subjects. 

Sepsis  has  occurred  in  a  fairly  large  proportion  of  cases  and  is  gener- 
ally attributed  to  the  length  of  the  operation,  the  proximity  of  the  anaes- 
thetic apparatus,  the  mouth,  or  the  hairy  scalp,  &c.  This  is  a  complication 
that  should  not  occur,  and  no  surgeon  should  undertake  the  operation 
unless  he  is  confident  of  his  power  to  maintain  rigid  asepsis  throughout. 

The  Hartley-Krause  method.  An  omega-shaped  incision  is  made 
with  its  base  just  above  the  level  of  the  zygoma  and  extending  between 
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the  external  angular  process  in  front  and  the  tragus  behind.  The  incision 
is  carried  down  to  the  bone,  the  bleeding  is  arrested,  and  then  the  peri- 
cranium is  retracted  for  about  a  quarter  of  an  inch  on  either  side  of  the 
incision  throughout  its  whole  extent.  An  osteoplastic  flap  is  then  raised 
in  the  following  manner: — 


Fig.  240.    De  Vilbiss's  Skull  For-  Fic.  241.    Guarded  Chisel  for 

CEPS.     These  will  cut  a  track  through  Skull   Operations.    The   probe- 

the  skull  the  width  of  the  cutting  edge  like  projection  ia  inserted  between 

of  the  blade.     They  are  very  powerful  the  dura  mater  and  the  bone.    The 

and  the  work  can  be  done  rapidly.  chisel  can  only  be  used  from  a  large 

trephine  hole. 

A  half-inch  trephine  hole  is  made  at  the  two  top  corners  of  the  pro- 
posed bone-flap,  and  these  are  connected  by  a  horizontal  incision  made 
through  the  skull  either  with  forceps,  such  as  those  of  De  Vilbiss  {see 
Fig.  240),  or  a  guarded  chisel  (see  Fig.  241);  the  former  method  is 
preferable,  as  being  more  rapid.  Other  methods  of  dividing  the  skull  are 
by  means  of  Gigli's  wire  saw,  which  must  be  protected  from  wound- 
ing the   dura   mater   by   passing  a   flexible   metal   guide   between    it 
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and  the  Irone,  or  liy  Hey's  saw,  which  is.  however,  a  very  tedious 
method.  From  each  trephine  hole  a  vertical  incision,  made  in  the  same 
way,  is  carried  down  to  the  base  of  the  bone  flap;  some  surgenii- 
make  a  trephine  hole  at  each  inferior  angle  also,  but  this  is  unnecessary, 
A  rectangular  portion  of  bone  is  thus  divided  from  the  surrounding  skull 
around  three  of  its  sides  and  only  remains  attached  by  its  base:  this,  being 
thin,  can  be  fractured  by  levering  the  bone  flap  outwards  with  a  strong 
elevator  introduced  into  the  upper  horizontal  cut.    In  this  way  a  flap  is 


Fig.  242.  GifiLi's  Wire  Saw  Introducer.  This  figure  (for  which  I  am 
indebted  to  Mr.  Louis  B.  Rawling)  shows  the  flexible  whalebone  introducer 
in  place  with  the  metal  guard  over  it,  preliminary  to  drawing  the  saw  into  pla« 
by  means  of  the  whalebone  guide.  It  will  be  noticed  that  the  operation  here 
illustrated  is  not  for  removal  of  the  Gasserian  ganglion.  It  illustrates  Mr. 
Rawling's  description  of  the  formation  of  osteoplastic  flaps. 


reflected  which  consists  of  the  scalp  and  the  subjacent  area  of  the  skull, 
the  latter  still  maintaining  its  vascular  connexions  with  the  soft  parts  (see 
Fig.  24,1),  The  reflected  flap  should  be  covered  with  a  sterilized  cloth 
during  the  operation,  at  the  end  of  which  it  can  be  replaced  accurately 
by  merely  turning  it  np  into  position;  owing  to  the  fact  that  the  vascular 
connexion  Ijetween  the  bone  and  the  soft  parts  is  unimpaired,  the  bone 
does  not  undergo  necrosis  unless  the  wound  becomes  septic.  If  the  flap 
Ije  cut  in  the  manner  above  indicated  the  length  of  time  taken  by  the 
operation  is  only  increased  by  about  twenty  to  thirty  minutes.  The 
important  practical  point  is  to  make  the  flap  large  enough  in  the  first 
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instance  to  enable  the  manipulations  to  be  carried  out  successfully  with- 
out any  necessity  for  enlarging  the  opening  in  the  bone  subsequently. 
The  reason  why  an  osteoplastic  flap  is  useful  in  this  operation  and  not 
in  the  preceding  one  is  that  the  opening  is  higher  up  on  the  side  of  the 
skull  and  therefore  needs  protection. 

The  reflection  of  the  osteoplastic  flap  exposes  the  dura  mater,  which 
must  be  lifted  out  of  the  middle  fossa  of  the  base  of  the  skull  until  the 
ganglion  and  its  branches  are  exposed  and  can  be  treated  in  the  manner 


/ 


Fig.  243,  Osteoplastic  Flap  reflected.  The  base  has  been  broken  through 
and  the  flap  thrown  down.  This  is  another  of  Mr,  Rawling's  illustrations, 
and  the  method  employed  differs  in  slight  particulars  from  that  described  in 
the  text. 

already  described  (see  p.  595).  The  task  of  raising  the  dura  from  the 
bone  is  more  tedious  and  difficult  than  in  the  method  first  described, 
owing  to  the  fact  that  in  the  operation  under  consideration  {Hartley- 
Krause)  the  skull  is  opened  higher  up  and  therefore  considerable  com- 
pression has  to  be  applied  to  the  superjacent  brain,  which  has  to  be 
pressed  out  of  the  way  in  order  to  get  projier  access  to  the  nerves  and 
the  ganglion. 

Doyen's  method.  In  this  operation  the  sickle-shaped  incision 
(Fig.  2:^s)  already  described  (see  p.  593)  is  employed.  After  the  skin 
flap  has  been  reflected,  the  zygoma  and  the  coronuid  process  are  divided, 
just  as  in  Cushing's  operation.    The  third  division  of  the  fifth  is  then 
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identified  at  its  exit  from  the  skull  and  cut  as  long  as  possible,  and  a  stout 
silk  ligature  fastened  to  its  proximal  end.  The  internal  maxillary  arterj- 
is  tied  dose  to  its  origin.  The  skull  is  opened  on  the  level  of  the  temporo- 
sphenoidal  suture  with  a  trephine,  after  which  that  portion  of  the  greater 
wing  of  the  sphenoid  and  the  squamous  portion  of  the  temporal  bone 
intervening  between  the  opening  in  the  skull  and  the  foramen  ovale  (see 
Fig.  244)  is  cut  away  with  powerful  cutting- pliers  or  a  chisel  or  gouge, 
the  dura  being  raised  and  protected  from  injury  by  a  fine  spatula.    When 


Fig.  244.  DoYEN'.'i  Bone  Section  for  Removal  of  the  Gasserian  Ganglion. 
The  circular  incision  is  the  trephine  opening. 

the  outer  margin  of  the  foramen  ovale  has  been  removed,  traction  upon 
the  third  division  guides  the  surgeon  to  the  ganglion,  which  is  raised 
from  its  bed,  divided  at  its  junction  with  the  trunk  of  the  trigeminal. 
pulled  forwards,  and  removed  by  cutting  across  its  three  branches  on 
the  distal  side  of  the  ganglion. 

In  this  operation  it  is  rather  easier  to  avoid  wounding  the  cavernous 
sinus,  but  the  bleeding  from  the  pterygoid  plexus  of  veins  is  usually 
severe,  and  the  field  of  operation  is  somewhat  cramped  and  difficult  to 
keep  bloodless.  Firm  packing  and  the  free  use  of  adrenalin  will  be 
necessary. 

Results.  On  the  whole  the  results  of  removal  of  the  Gasserian  gan- 
glion are  favourable,  although  the  death-rate  in  the  past  has  l)een  consid- 
erable.   This  should  improve  in  the  future,  as  a  number  of  the  deaths 
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appear  to  have  been  due  entirely  to  sepsis.  Abbe  (Annals  of  Surgery, 
vol.  xxxvii,  1903,  p.  i),  quoting  from  Lexer  (Archiv  /.  klin,  Chir,,  vol. 
Ixv,  p.  1902),  says  that  of  201  cases  collected  by  Turk  85  per  cent,  sur- 
vived the  operation  and  77.6  per  cent,  were  permanently  cured;  17  died 
on  the  table,  11  without  regaining  consciousness;  9  died  of  sepsis,  i  of 
haemorrhage,  2  of  brain  tumour,  2  of  post-operative  pneumonia,  i  of 
heart  failure,  i  of  uraemia,  and  i  of  cerebral  softening. 

The  immediate  effect  of  the  operation  is  loss  of  sensation  over  the 
affected  side  of  the  face,  but  this  is  considerably  diminished  in  the  course 
of  a  few  weeks.  The  chief  trouble  is  ulceration  of  the  cornea  on  the 
affected  side,  which,  however,  is  not  a  necessary  accompaniment  of  the 
operation,  and  is  best  guarded  against  by  keeping  the  eye  well  protected 
from  the  light  and  from  all  forms  of  irritation,  however  slight.  At  the 
operation,  and  for  the  first  four  or  five  days  following  it,  the  eye  is  pro- 
tected by  stitching  the  lids  together  (see  p.  592).  After  the  stitches 
have  been  removed,  the  conjunctiva  is  washed  twice  or  three  times  a  day 
with  warm  boric  lotion,  and  the  eye  protected  by  a  pad  and  bandage 
for  three  weeks  or  longer.  The  patient  should  wear  protective  glasses 
for  the  rest  of  his  life,  as  the  least  irritation  of  the  insensitive  cornea 
may  end  in  loss  of  the  eye. 

Recurrence  of  the  pain  rarely  occurs  when  the  ganglion  has  been 
completely  removed.  It  may  spread  to  the  opposite  side,  and  it  has 
been  known  to  spread  to  other  nerves,  but  as  a  rule  the  arrest  of  the 
neuralgia  in  the  affected  region  is  permanent,  provided  always  that  the 
whole  of  the  ganglion  has  been  removed ;  there  should  be  no  great  diffi- 
culty about  making  sure  of  complete  removal  if  the  steps  enumerated 
above  be  carefully  followed. 

AVULSION  OF  THE  SENSORY  ROOT   (Spiller-Frazier) 

Physiological  extirpation  of  the  Gasserian  ganglion,  as  von  Gebruch- 
ten  paraphrased  this  operation,  is  based  upon  the  inability  on  the  part 
of  the  sensory  root  to  regenerate  itself  once  divided.  This  operation 
upon  the  sensory  root,  proposed  by  Spiller  in  1899,  was  put  to  the  test 
in  the  experimental  laboratory  by  Frazier  and,  after  substantiating  all 
that  was  claimed  for  it,  Frazier  adopted  it  in  his  own  clinic  in  1901. 
The  advantages  of  the  sensory  root  operation  over  extirpation  of  the 
ganglion  are  briefly  these:  (i)  There  is  no  risk  of  injuring  the  third, 
fourth,  or  sixth  cranial  nerves  or  the  cavernous  sinus;  (2)  the  incidence 
of  trophic  keratitis  is  less  because  there  are  trophic  centres  in  the  gan- 
glion which  preside  over  the  cornea  and,  if  the  ganglion  is  left  in  situ, 
these  are  not  disturbed;  (3)  haemorrhage  is  reduced  to  a  minimum,  since 
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the  ganglion  need  not  be  lifted  from  its  bed,  as  in  gangliectomy;  (4)  the 
various  steps  essential  to  the  removal  of  the  ganglion  are  avoided,  thus 
eliminating  technical  difficulties  and  economizing  time;  (5)  simplification 
of  technical  details,  minimizing  haemorrhage  and  economizing  time  have 
served  to  reduce  a  mortality  once  22  per  cent.,  later  5  per  cent.,  to  zero. 
Frazier  has  not  had  a  death  in  his  clinic  in  his  series  of  sensory  root 
operations  in  the  past  five  years. 

The  operation  is  performed  as  follows:  Under  ether  anaesthesia, 
drop  method,  tlie  patient  is  placed  on  an  operating  chair  in  the  sitting 
posture,  the  head  being  fixed  securely  by  an  appropriate  head  rest.  The 
approach  to  the  ganglion  is  designed  in  the  first  place  to  avoid  injury  to 
the  upper  branches  of  the  fascial  nerve  and,  in  the  second,  to  secure  a 
direct  point  of  attack  from  the  middle  of  the  zygoma.  The  cutaneous 
incision  starts  at  the  hair  line  three  to  four  centimetres  above  the  zygoma 
and  following  somewhat  the  course  of  an  interrogation  mark,  curves  up- 
wards, backwards,  and  downwards  to  the  zygoma  just  in  front  of  the  ex- 
ternal auditory  meatus.  From  this  point  the  incision  extends  forward 
along  its  upper  margin  to  the  middle  of  the  zygoma.  This  horizontal 
extension  of  the  cutaneous  incision  should  not  extend  farther  forward 
than  a  line  drawn  from  the  tip  of  the  mastoid  process  to  the  supraorbital 
ridge.  The  cutaneous  flap  is  reflected  forward,  exposing  the  temporal 
fascia  and  muscle.  The  incision  in  these  structures  is  made  in  a  fashion 
somewhat  the  reverse  of  the  skin  incision.  Beginning  above,  at  the  upper 
margin  of  the  cutaneous  incision,  a  curved  incision  convexing  forward  is 
made  down  to  the  zygoma.  The  muscle  is  then  divided  from  one  to  two 
centimetres  from  the  mid-point  of  the  zygoma  backward  and  parallel 
with  it.  Thus  two  flaps  are  fashioned,  a  cutaneous  flap  reflected  for- 
ward and  a  muscular  flap  reflected  backward.  An  opening  made  in  the 
temporal  bone  with  a  Hudson  drill  is  enlarged  to  the  size  of  a  fifty-cent 
piece,  the  lower  margin  of  the  opening  extending  to  the  base  of  the  skull. 
The  dura  is  carefully  separated  from  the  base  and  the  temporal  lobe 
gently  elevated  until  the  foramen  spinosum  is  reached.  The  latter  is 
plugged  with  cotton  or  Horsley's  wax  and  the  middle  meningeal  artery 
divided.  A  little  mesial  ward  and  to  the  front  of  the  foramen  spinosum 
the  foramen  ovale  ccmes  into  view,  through  which  passes  the  mandibular 
division.  The  dural  reflexion  over  this  Is  cut  and  with  a  blunt  dissector 
the  dura  propria  of  the  ganglion  is  elevated  backward  and  mesialward 
until  the  sensory  root  is  exposed.  When  the  inner  margin  of  the  root 
has  been  exposed  the  entire  root  is  picked  up  on  a  small  blunt  hook  and 
with  slight  traction  the  root  is  severed  from  its  central  attachment. 
The  purpose  of  the  operation  thus  completed,  haemorrhage  is  controlled 
by  suitable  measures  and  the  wound  closed  with  tier  sutures. 
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ANASTOMOSIS  OF  THE  FACIAL  NERVE 

Indications.  The  distal  portion  of  the  facial  nerve  is  frequently 
anastomosed  with  the  hypoglossal  or  the  spinal  accessory  nerves  in  cases 
of  permanent  facial  paralysis,  usually  associated  v^ith  middle-ear  disease. 
The  nerve  is  exposed  and  divided  at  its  exit  from  the  skull  through  the 
stylo-mastoid  foramen,  and  the  distal  end  is  implanted  into  the  hypo- 
glossal or  the  spinal  accessory  nerve  according  to  the  wish  of  the  operator. 
In  the  earlier  cases  the  spinal  accessory  was  chosen,  but,  owing  to  the 
greater  difficulty  of  the  operation  and  to  the  fact  that  associated  move- 
ments of  the  shoulder  followed  restoration  of  function  of  the  facial 
muscles  and  lasted  for  a  long  time,  the  hypoglossal  is  now  generally 
preferred  as  the  nerve  for  anastomosis. 

This  nerve  has  been  stretched  for  the  cure  of  facial  tic,  but  as  a  rule 
the  results  are  not  permanent.  The  operation  is  usually  followed  by 
transient  facial  paralysis. 

The  facial  nerve  emerges  from  the  stylo-mastoid  foramen  and  passes 
forwards  through  the  parotid  gland,  crossing  the  external  carotid  artery 
and  the  branches  of  the  temporo-maxillary  (posterior  facial)  vein  in 
that  structure.  In  the  neck  it  gives  off  branches  to  the  stylo-hyoid 
and  the  posterior  belly  of  the  digastric,  as  well  as  the  posterior  auricular 
nerve  which  turns  up  along  the  anterior  border  of  the  mastoid  process 
in  close  connexion  with  the  posterior  auricular  artery.  In  the  parotid 
gland  it  breaks  up  into  its  terminal  branches,  which  are  distributed  to 
the  face. 

Operation.  The  parts  are  shaved,  the  head  is  turned  to  the  oppo- 
site side,  and  the  pinna  is  pulled  forcibly  forwards.  When  the  nerve  is 
only  to  be  stretched,  an  incision  is  made  along  the  anterior  margin  of  the 
mastoid  process  from  the  level  of  the  centre  of  the  external  auditory 
meatus  to  its  tip,  and  is  curved  forwards  from  this  point  to  the  angle 
of  the  jaw,  thus  marking  out  a  somewhat  crescent ic  flap  with  its  con- 
vexity backwards.  In  thin  subjects  this  flap  is  sufficient,  but  in  fat 
ones  it  is  generally  advisable  to  make  a  second  small  incision  forwards 
about  an  inch  long  and  nearly  at  right  angles  to  the  former,  just  below 
the  lobule  of  the  ear,  so  that  tw^o  small  flaps  are  formed  and  a  little  more 
room  is  gained.  When,  however,  the  nerve  is  to  be  anastomosed  either 
to  the  hypoglossal  or  to  the  spinal  accessory  nerve  the  incision  should 
start  on  a  level  with  the  centre  of  the  external  auditory  meatus,  close 
along  the  anterior  border  of  the  mastoid,  and  follow  down  the  anterior 
margin  of  the  sterno-mastoid  to  the  level  of  the  hyoid  bone;  should 
it  be  found  necessary,  a  second  incision  one  inch  long  and  at  right 
angles  to  it  should  pass  forwards  from  the  centre  of  this  to  the  angle 
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of  the  jaw.  The  interval  between  the  parotid  gland  and  the  anterior 
margin  of  the  sterno-mastoid  is  defined,  and  the  gland  is  pulled  forwards 
whilst  the  muscle  is  drawn  backwards.  If  the  gland  be  displaced  well 
forwards  the  posterior  belly  of  the  digastric  will  be  seen  crossing  the 
wound,  and  its  upper  margin  should  be  defined  and  the  nerve  sought 
for  above  it.  This  stage  of  the  operation  is  often  rendered  difficult  by 
free  oozing  from  the  posterior  auricular  vein  and  some  of  the  venous 
branches  in  the  parotid  which  will  need  ligature.  When  the  upper  border 
of  the  digastric  has  been  identified,  it  is  usually  fairly  easy  to  make  out 
the  nerve  which  crosses  the  wound  obliquely  from  behind  forwards.  It 
is  raised  upon  a  small  hook  and  stretched,  or,  if  it  is  to  be  anastomosed, 
it  is  divided  at  its  exit  from  the  stylo-mastoid  foramen  by  a  blunt  teno- 
tome, and  its  distal  end  is  brought  down  to  the  hypoglossal  or  the 
spinal  accessory  nerve  and  anastomosed  to  it  {lAde  infra), 

WITH  THE  HYPOGLOSSAL  NERVE 

The  nerve  should  be  exposed  beneath  the  digastric  and  stylo-hyoid 
muscles,  as  it  lies  on  the  outer  side  of  the  internal  carotid  artery.  This 
can  be  done  by  the  same  incision  as  for  ligature  of  the  lingual  artery, 
but  this  only  exposes  its  terminal  portion,  which  is  not  used  for  the 
purpose  of  anastomosis.  In  order  to  expose  it  for  anastomosis  with  the 
facial,  the  incision  should  be  identical  with  that  given  above  for  exposure 
of  the  facial  and  should  reach  down  as  far  as  the  great  comu  of  the 
hyoid  bone. 

The  first  stage  of  the  operation  is  the  exposure,  identification,  and 
division  of  the  facial  nerve  (vide  supra).  When  the  facial  has  been 
identified  and  divided,  the  hypoglossal  is  sought  for  as  it  emerges  from 
beneath  the  digastric  and  stylo-hyoid  muscles  and  passes  forwards  to 
supply  the  muscles  of  the  tongue,  turning  around  the  origin  of  the 
occipital  artery  from  the  external  carotid;  it  is  then  traced  upwards 
beneath  the  digastric  from  that  point.  Division  of  the  digastric  and 
stylo-hyoid  facilitates  the  anastomosis  greatly  and  seems  to  be  harmless. 
When  the  nerve  has  been  cleared,  the  divided  distal  end  of  the  facial  is 
brought  into  contact  with  it,  a  slit  is  made  in  its  sheath,  and  the  cut  end 
of  the  facial  is  inserted  into  it  and  secured  in  the  usual  way  (see  p.  581). 
The  greatest  gentleness  must  be  observed  in  the  manipulations  throughout. 

WITH  THE  SPINAL  ACCESSORY  NERVE 

The  nerve  leaves  the  cranial  cavity  through  the  jugular  foramen  in 
the  same  compartment  of  the  dura  mater  as  the  pneumogastric,  and 
runs  down  the  neck  between  the  internal  carotid  and  the  jugular  vein. 
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After  a  short  distance  it  passes  obliquely  downwards  and  backwards 
across  the  vein  beneath  the  posterior  belly  of  the  digastric  to  the  sterno- 
mastoid,  the  deep  surface  of  which  it  pierces  to  pass  obliquely  through 
the  muscle  and  cross  the  posterior  triangle  to  become  distributed  to  the 
trapezius.  Its  course  is  represented  roughly  by  a  line  drawn  at  right 
angles  to,  and  bisecting  another  line  joining  the  tip  of  the  mastoid 
process  to  the  angle  of  the  jaw.  The  nerve  pierces  the  deep  surface  of 
the  sterno-mastoid  about  two  inches  below  the  tip  of  the  mastoid.  It 
is  very  important  to  know  the  course  of  this  nerve,  as  it  is  invariably 
involved  in  enlargement  of  glands  in  the  upper  part  of  the  posterior 
triangle,  and  division  of  the  nerve  on  the  proximal  side  of  the  sterno- 
mastoid  is  followed  by  paralysis  of  the  trapezius  as  well  as  by  paralysis 
of  that  muscle. 

A  stout  sand-bag  is  placed  beneath  the  shoulders,  the  head  is  thrown 
a  little  back,  and  the  chin  is  turned  to  the  opposite,  side.  The  incision 
commences  at  the  tip  of  the  mastoid  process,  and  is  similar  in  all  respects 
to  that  for  exposure  of  the  hypoglossal  nerve  (tide  supra).  The  anterior 
border  of  this  muscle  having  been  defined,  the  deep  cervical  fascia  is 
opened  just  in  front  of  it  throughout  the  whole  length  of  the  incision, 
and  the  muscle  is  drawn  firmly  back,  the  neck  being  slightly  flexed  to 
facilitate  this.  The  posterior  belly  of  the  digastric  is  next  identified  as 
it  crosses  the  wound,  running  obliquely  downwards  and  forwards,  and  its 
lower  margin  is  defined,  when  the  nerve  should  be  seen  emerging  from 
beneath  it.  Another  useful  landmark  is  the  transverse  process  of  the 
atlas,  which  can  be  felt  easily  with  the  finger  and  over  which  the  nerve 
passes.  Should  the  surgeon  desire  to  anastomose  the  nerve  to  the  facial, 
the  spinal  accessory  is  traced  back  as  far  as  possible,  the  digastric  and 
stylo-hyoid  muscles  being  divided  if  necessary.  The  facial  is  then  laid 
in  apposition  with  the  spinal  accessory  and  grafted  into  it  through  a 
slit  in  its  sheath  (see  p.  580). 

This  nerve  is  also  occasionally  divided  and,  still  more  rarely,  stretched 
for  the  relief  of  spasmodic  wry-neck.  Stretching  and  simple  division  of 
the  nerve  are  of  little  use,  but  resection  of  a  portion  has  been  followed 
by  better  results. 

RESECTION  OF  THE  POSTERIOR  PRIMARY  DIVISIONS 
OF  THE  FIRST  THREE  CERVICAL  NERVES 

Indications.  This  operation  is  sometimes  an  extension  of  the 
operation  for  resection  of  the  spinal  accessory  for  severe  spasmodic  tic; 
the  steps  of  the  operation  by  which  these  nerves  are  exposed  and  resected 
are  well  described  by  Professor  Keen  (Annals  of  Surgery,  1891). 
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Surgical  anatomy.  The  posterior  primary  division  of  the  first 
cervical  nerve  passes  backwards  between  the  occipital  bone  and  the 
posterior  arch  of  the  atlas,  and  lies  in  the  sub-occipital  triangle  below  and 
behind  the  vertebral  artery,  under  cover  of  the  complexus  ( semispinalis 
capitis)  muscle  (see  Fig.  245). 


Fig.  245.    Posterior  Cervical  Plexus  iCaantngham's  Anatomy). 

The  posterior  primary  division  of  the  second  cervical  nerve  is  the 
largest  of  all  and  passes  backwards  between  the  atlas  and  the  axis  below 
the  obliquus  inferior  muscle.  The  complexus  (semispinalis  capitis) 
covers  it  and  the  semispinahs  colli  is  to  its  inner  side.  The  main  trunk 
then  pierces  the  complexus  and  the  trapezius  and  becomes,  as  the  greater 
occipital,  the  chief  cutaneous  nerve  of  the  back  of  the  scalp.  It  pierces 
the  superficial  fascia  on  the  level  of  the  superior  curved  line  about  an 
inch  from  the  external  occipital  protuberance.  It  usually  accompanies 
the  occipital  artery. 

The  posterior  primary  division  of  the  third  cervical  nerve  is  much 
smaller  than  the  second,  with  which  it  communicates  by  a  loop. 
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Operation.  Professor  Keen  recommends  a  transverse  incision  half 
an  inch  below  the  level  of  the  lobule  of  the  ear,  commencing  at  the  middle 
line  of  the  neck  behind,  and  running  outwards  for  about  two  and  a  half 
to  three  inches.  This,  however,  does  not  always  give  sufficient  room  to 
get  a  clear  view  of  the  structures,  especially  in  a  thick-necked  subject, 
and  a  better  plan  is  to  raise  a  flap  outwards  from  the  middle  line,  which 
will  expose  the  whole  area  concerned  fully.  An  incision  is  made  in  the 
middle  line  of  the  neck  behind,  beginning  about  half  an  inch  below 
the  external  occipital  protuberance,  and  running  vertically  down  for 
nearly  three  inches;  from  each  end  of  this  an  incision  about  an  inch 
and  a  half  long  is  carried  transversely  outwards  on  to  the  neck.  The 
flap  thus  marked  out  is  dissected  up. 

The  first  nerve  to  be  identified  is  the  greater  occipital,  and  this  is 
found  by  dividing  the  trapezius  horizontally  near  the  upper  limit  of 
the  incision,  and  finding  the  nerve  as  it  emerges  from  the  complexus 
(semispinalis  capitis)  about  midway  between  the  aponeurosis  and  the 
middle  line.  The  complexus  is  divided  transversely  at  the  point  at 
which  the  nerve  emerges  from  it,  and  the  latter  is  traced  backwards 
until  the  posterior  primary  division  of  the  second  cervical  is  reached, 
when  it  is  resected  on  the  proximal  side  of  the  greater  occipital,  which  is 
the  larger  of  the  two  terminal  branches  into  which  it  divides. 

The  next  step  is  to  identify  the  sub-occipital  nerve,  which  is  done 
by  defining  the  boundaries  of  the  sub-occipital  triangle  in  which  the 
nerve  lies  (see  Fig.  245);  they  are  the  obliquus  capitis  inferior  and 
superior,  and  the  rectus  capitis  posticus  (posterior)  major.  When  found, 
the  nerve  is  traced  as  far  back  as  possible  and  resected.  The  final  step 
is  to  identify  and  divide  the  third  cervical  nerve,  which  may  be  done 
by  tracing  down  the  loop  between  it  and  the  second  until  the  posterior 
primary  division  of  the  third  is  reached;  it  is  then  divided  beneath  the 
complexus  (semispinalis  capitis). 

EXPOSURE  OF  THE  BRACHIAL  PLEXUS  IN  THE  NECK 

(CERVICAL  RIB) 

Indications.  This  operation  is  rarely  called  for ;  it  may  be  needed 
for  a  direct  injury  to  the  plexus,  such  as  a  stab,  or  for  a  laceration 
produced  by  violent  traction  upon  the  arm.  More  rarely  still  there 
may  be  pressure  upon  the  plexus  from  a  supernumerary  cervical  rib,  or 
possibly  from  a  tumour  in  the  neck. 

Operation.  This  is  similar  to  that  for  the  ligature  of  the  third 
part  of  the  subclavian  artery  (see  p.  503).  The  position  of  the  patient 
is  the  same  as  for  that  operation,  viz.  the  head  is  turned  to  the  opposite 
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side,  and  the  arm  is  drawn  down  to  its  full  extent.  In  a  thin  subject 
the  cords  of  the  brachial  plexus  can  generally  be  felt  beneath  the  skin 
in  the  supra-clavicular  space,  and  may  be  exposed  by  making  an  almost 
vertical  incision  over  the  lower  part  of  the  posterior  triangle  midway 
between  the  adjacent  borders  of  the  sterno-mastoid  and  the  trapezius. 
The  external  jugular  vein  will  get  in  the  way  and  may  have  to  be 
ligatured;  if  so,  this  should  be  done  well  above  the  point  at  which  it 
pierces  the  deep  fascia.  As  the  wound  is  deepened  the  plexus  comes 
into  view,  and  the  outer  border  of  the  anterior  scalene  muscle  can  be 
defined.  The  transverse  cervical  artery  and  vein  cross  the  wound  trans- 
versely, parallel  with  the  clavicle,  and  should  be  pulled  downwards  out 
of  the  way. 

A  second  incision  for  exposure  of  a  cervical  rib  may  be  used.  The 
patient  is  placed  in  the  same  position  and  a  horizontal  incision  above  the 
clavicle  is  made.  The  dissection  covers  practically  the  same  field.  The 
thoracic  duct  and  phrenic  nerve  are  to  be  avoided  as  well  as  the  pleura 
and  subclavian.  The  vessels  are  drawn  aside  and  the  nerve  root  dis- 
placed sufficiently,  so  that  complete  resection  of  the  false  rib  with  cut- 
ting forceps  is  possible.  It  is  necessary  to  divide  its  attachment  both  to 
the  first  rib  and  to  the  spine.  Care  should  be  taken  to  remove  its  perios- 
teum so  as  to  prevent  regeneration.  Unless  great  care  is  used  in 
handling  the  nerves  temporary  paralysis  is  likely  to  ensue.  If  the  pleura 
should  be  injured,  complications  seldom  occur,  although  packing  may  be 
necessary. 

Mr.  C.  A.  Ballance  showed  at  the  Royal  Society  of  Medicine  on 
May  8,  1908,  a  child  aged  5  years,  upon  whom  he  had  operated  for 
rupture  of  the  upper  cord  of  the  brachial  plexus  which  had  occurred 
during  childbirth.  The  deltoid,  biceps,  brachialis  anticus,  coraco- 
brachialis,  and  supinator  longus  (brachio-radialis)  were  partly  paralysed. 
The  child  was  ten  months  of  age  at  the  time  of  the  operation,  which 
was  in  October,  1903.  The  fifth  cervical  was  found  to  be  ruptured  just 
where  it  joins  the  sixth;  after  the  ends  had  been  freshened  there  was 
three-quarters  of  an  inch  between  them,  but  by  a  little  dissection  the 
ends  came  together  easily  and  were  sutured  with  very  fine  silk.  The 
nerves  were  identified  at  the  operation  by  stimulation.  The  child  was 
lost  sight  of  immediately  after  the  operation  and  only  came  under  notice 
after  four  years'  absence,  when  the  paralysed  muscles  had  completely 
recovered.  In  this  case  ten  months  had  intervened  between  the  injury 
and  operation,  and  nevertheless  the  result  was  perfect.  It  tends  to  show 
that  perfect  results  can  be  got  by  suture  so  long  as  it  is  possible  to  get 
good  response  to  electric  stimulation  under  an  anaesthetic. 


CHAPTER  III 
OPERATIONS  UPON  THE  NERVES  OF  THE  EXTREMITIES 

EXPOSURE  OF  THE  MEDIAN  NERVE 

Indications.     The  median  nerve  has   frequently  to  be  exposed  in 
order  to  suture  it  after  it  has  suffered  accidental  division.     It  may  be 
reached  in  any  of  the  following  situations : — 
(i)  In  the  middle  of  the  upper  arm. 

(ii)  At  the  bend  of  the  elbow. 

(iii)   Above  the  wrist. 

Surgical  anatomy.  The  nerve  passes  down  the  arm  in  close  relation 
with  the  brachial  artery,  lying  at  first  to  its  outer  side,  then  crossing 
over  the  front  of  the  artery  about  its  middle,  and  finally  lying  to  its 
inner  side  at  the  bend  of  the  elbow,  where  it  lies  beneath  the  bicipital 
fascia  (lacertus  fibrosus  of  the  biceps)  and  the  median  basilic  vein.  It 
enters  the  forearm  between  the  two  heads  of  the  pronator  radii  teres 
and  is  separated  from  the  ulnar  artery  by  the  deep  head  of  that  muscle. 
In  the  forearm  it  lies  between  the  superficial  and  deep  muscles,  and  at 
the  front  of  the  wrist  it  lies  beneath  and  somewhat  to  the  radial  side 
of  the  palmaris  longus  tendon,  between  it  and  that  of  the  flexor  carpi 
radialis  muscle. 

In  the  middle  of  the  arm.  The  operation  in  this  situation  does 
not  require  detailed  notice  as  it  is  similar  in  all  respects  to  exposure  of 
the  brachial  artery  in  the  middle  of  the  upper  arm  (see  p.  485).  The 
median  nerve  will  be  exposed  immediately  before  the  artery  is  seen. 

In  the  front  of  the  elbow.  The  nerve  will  rarely  require  to  be 
exposed  in  this  situation,  but,  should  such  an  operation  be  necessary,  it 
is  very  similar  to  that  for  exposure  of  the  brachial  artery  at  the  bend  of 
the  elbow  (see  p.  488).  The  incision,  however,  should  be  made  about 
half  an  inch  internal  to  the  biceps  tendon  instead  of  close  along  its  inner 
edge.  The  nerve  will  be  exposed  internal  to  the  brachial  artery  beneath 
the  bicipital  fascia  upon  which  lies  the  median  basilic  vein.  It  usually 
lies  about  a  quarter  of  an  inch  internal  to  the  brachial  artery,  and  if  the 
incision  recommended  above  be  adopted  the  nerve  will  be  exposed 
directly  and  the  artery  may  not  be  seen. 

Above  the  front  of  the  wrist.     It  is  in  this  situation  that  the 
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median  nerve  has  to  be  exposed  most  frequently,  as  it  is  on  the  front  of 
the  wrist  that  the  injuries  to  it  usually  occur.  In  order  to  repair  damage 
of  long  standing  to  the  median  nerve  it  will  be  necessary  to  expose  that 
structure  where  it  is  healthy  and  trace  it  down  to  the  seat  of  injury.  For 
this  purpose  it  is  exposed  about  a  finger's  breadth  above  the  transverse 
crease  on  the  front  of  the  wrist  as  it  is  passing  beneath  the  annular 
(transverse  carpal)  ligament.  It  lies  either  beneath  or  just  to  the  radial 
side  of  the  palmaris  longus  tendon,  which  can  always  be  identified  in  the 
living  subject,  but  which  may  be  somewhat  difficult  to  make  out  in  the 
cadaver.  In  these  cases  a  useful  guide  is  the  flexor  carpi  radialis,  which 
can  always  be  felt,  and  to  the  ulnar  side  of  which  the  nerve  is  situated. 

An  incision  about  three-quarters  of  an  inch  long  is  made  over  the 
radial  border  of  the  palmaris  longus  tendon,  the  space  between  it  and 
the  flexor  carpi  radialis  is  opened  up,  and  the  nerve  is  seen  lying  some- 
what deeply  between  them.  The  nerve  is  a  large  structure  which  may 
sometimes  be  mistaken  for  a  tendon,  but  the  difference  in  its  colour  will 
prevent  mistakes.  In  this  situation  it  is  becoming  somewhat  flattened 
previous  to  dividing  into  its  terminal  branches. 

EXPOSURE  OF  THE  ULNAR  NERVE 

Indications.  The  ulnar  nerve  may  have  to  be  exposed  in  any  part 
of  its  course,  but  it  is  generally  damaged  either  in  the  ulnar  groove  at 
the  back  of  the  elbow  or  just  above  the  wrist.  In  the  former  situation 
it  is  not  infrequently  involved  in  fractures  or  injuries  about  the  elbow, 
but  the  most  frequent  lesion  for  which  operation  is  required  is  partial 
or  entire  division  of  the  nen-e  at  the  front  of  the  wrist,  in  wounds 
caused  by  such  accidents  as  putting  the  hand  through  a  pane  of  glass. 
In  recent  cases,  of  course,  there  will  be  a  wound  which  only  needs  to  be 
enlarged  in  order  to  find  the  nerve.  WTien,  however,  the  case  is  of  long 
standing  the  wound  will  have  healed,  and  it  will  then  be  necessary  to 
expose  the  nerve  upon  the  proximal  side  of  the  cicatrix  and  to  trace  it 
down  to  where  it  becomes  involved  in  the  scar  tissue.  When  the  nerve 
is  damaged  above  the  elbow  there  is  occasionally  no  wound,  and  the 
nerve  has  to  be  found  from  its  anatomical  guides. 

Surgical  anatomy.  In  the  axilla  the  nerve  lies  between  the  axillary 
arter)'  and  vein,  deep  to  them  and  to  the  internal  (medial  antebrachial) 
cutaneous  nerve.  It  passes  down  in  front  of  the  triceps  to  the  inner 
side  of  the  brachial  artery  as  far  as  the  centre  of  the  arm,  where  it 
pierces  the  internal  inter-muscular  septum  along  with  the  inferior  pro- 
funda (superior  ulnar  collateral)  artery  to  reach  the  interval  between 
the  olecranon  and  the  internal  condyle,  where  it  lies  in  a  deep  bony 
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groove  protected  by  a  special  arch  of  deep  fascia.  It  passes  into  the 
forearm  between  the  heads  of  origin  of  the  flexor  carpi  ulnar  is  and 
lies  between  that  muscle  and  the  flexor  digitorum  profundus,  lying  to 
the  inner  side  of  the  ulnar  artery. 

The  anatomical  line  of  the  nerve  in  the  arm  is  from  the  junction  of 
the  anterior  with  the  middle  third  of  a  vertical  line  let  fall  from  the 
anterior  to  the  posterior  fold  of  the  axilla,  down  to  the  groove  behind 
the  internal  condyle  of  the  humerus.  In  the  forearm  the  course  of  the 
nerve  is  sufficiently  accurately  defined  by  drawing  a  line  from  the  back 
of  the  internal  condyle  to  the  radial  side  of  the  pisiform  bone. 

In  the  upper  arm.  When  the  nerve  has  to  be  exposed  anywhere 
ill  the  upper  half  of  the  arm  the  operation  requires  no  special  description, 
since  it  resolves  itself  into  exposure  of  the  brachial  artery  (see  p.  485), 
upon  the  inner  side  of  which  the  ulnar  nerve  lies. 

When  it  has  to  be  exposed  below  the  middle  of  the  arm  an  incision 
is  made  upon  the  back  of  the  limb  as  a  prolongation  upwards  of  the 
ulnar  groove  at  the  back  of  the  condyle.  The  nerve  can  then  be  traced 
to  the  back  of  the  condyle  or  to  the  point  at  which  it  pierces  the  internal 
inter-muscular  septum. 

In  the  forearm.  Here  the  operation  for  exposing  the  nerve  is 
similar  in  all  respects  to  that  for  exposure  of  the  ulnar  artery  (see  p. 
480),  internal  to  which  the  nerve  lies. 

EXPOSURE  OF  THE  MUSCULO-SPIRAL  NERVE 

Indications.  This  nerve  is  rarely  divided  by  wounds  or  stabs,  but 
it  is  not  infrequently  damaged  in  fractures  of  the  shaft  of  the  humerus 
owing  to  its  close  proximity  to  the  bone  as  it  winds  round  the  humerus 
in  the  musculo-spiral  groove.  Its  terminal  branches  may  also  be  impli- 
cated in  fractures  of  the  external  condyle  of  the  humerus. 

Surgical  anatomy.  In  the  axilla  the  nerve  lies  behind  the  axillary 
artery  upon  the  subscapularis,  teres  major,  and  latissimus  dorsi  muscles. 
It  passes  backwards  upon  the  long  head  of  the  triceps  to  reach  the 
musculo-spiral  groove  along  with  the  superior  profunda  artery,  winding 
obliquely  out>yards  and  downwards  to  the  lower  third  of  the  arm,  where 
it  pierces  the  external  inter-muscular  septum  from  behind  forwards,  and 
reaches  the  bend  of  the  elbow  in  the  interval  between  the  brachialis 
amicus  (brachialis)  and  the  supinator  longus  (brachio-radialis).  Be- 
neath the  latter  muscle  it  divides  into  its  two  terminal  branches,  the 
radial  (superficial  radial)  and  the  posterior  interosseous  (deep  radial) 
nerves.    The  level  at  which  this  nerve  divides  varies  considerably. 

The  nerve  may  require  exposure  either  opposite  the  centre  of  the 
musculo-spiral  groove,  or  in  front  of  the  elbow. 
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On  the  back  of  the  arm.  Perhaps  the  simplest  plan  is  to  expose 
the  nerve  about  the  centre  of  the  groove  by  a  vertical  incision  which 
separates  the  fihres  of  the  triceps  longitudinally.  There  are  many  inci- 
sions given,  but  on  the  whole  this  ts  the  simplest  and  safest  method,  and 
it  has  the  merit  of  being  the  most  useful  one  in  the  majority  of  cases, 
as  it  is  in  fractures  about  the  centre  of  the  bone  that  the  musculo-spiral 
nerve  becomes  implicated,  either  at  the  time  of  the  accident  or  subse- 
quently, in  consequence  of  pres- 
sure from  the  callus. 

The  elbow  is  flexed  to  a  right 
angle  and  the  upper  arm  is  held 
in  the  vertical  position  by  an 
assistant.  The  surgeon  makes  an 
incision  nearly  four  inches  in 
length  along  the  middle  line  of 
the  posterior  aspect  of  the  arm. 
having  its  centre  opposite  the 
centre  of  the  bone,  that  is  to  say, 
on  a  level  with  the  insertion  of  the 
deltoid.  The  incision  is  deepened 
until  the  triceps  is  reached,  and 
the  muscular  and  tendinous  fibres 
are  then  divided  vertically,  partly 
by  the  blade  and  partl>'  by  the 
handle  of  the  knife,  until  the  I)one 
is  reached,  when  the  nerve  will  be 
seen  l>ing  in  the  musculo-spiral 
groove  along  with  the  superior 
profunda  vessels  and  crossing  the 
field  of  operation  obliquely. 

In  this  operation  no  muscular 
fibres  are  divided  and  the  parts 
fall  together  easily  after  the  oper- 
ation is  concluded. 

In  front  of  the  elbow- 
joint.  Exposure  of  the  ner\-e  in 
this  situation  may  be  required  in  cases  of  fracture  involving  the  external 
condyle  and  damaging  the  nerve.  . 

The  elbow-joint  is  flexed  to  an  angle  of  135°  and  fully  pronated  by 
an  assistant.  An  oblique  incision  is  made  across  the  lower  end  of  the 
upper  arm,  the  line  being  a  direct  continuation  backwards  of  the  outer 
or  radial  border  of  the  forearm  (see  Fig.  246).     If  this  incision  be 


Fic.  246.    Incision  for  Exposure  of 

THE  MUSCULO-SPIRAI,  NrRVK  ATTHE  E 

OF  TUE  Eldow.  The  forearm  is  fully 
pronated  and  the  elhow  is  at  an  angle 
of  135°.  The  figure  shows  lliat  the  inci- 
sion is  a  prolongation  upwards  of  the 
radial  iiorder  of  the  forearm. 
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planned  properly,  and  care  be  taken  to  pronate  the  limb  fully,  the 
interval  between  the  supinator  longus  (brachio-radialis)  on  the  outside, 
and  the  brachialis  anticus  (brachialis)  on  the  inner  side,  will  be  hit  off 
with  little  difficulty-  When  the  interval  between  these  two  muscles  is 
found — and  it  is  usually  denoted  by  a  fatty  interval  in  which  small 
branches  of  the  superior  profunda  are  seen  emerging — the  muscles  are 
separated  by  the  handle  of  the  knife,  and  the  nerve  is  found  in  the 


Fig.  247.  Exposure  of  the  Musculo-spiral  Nerve  in  Front  of  the  Elbow. 
The  muscle  on  the  left-hand  side  is  the  supinator  longus  (brachio-radiaiis),  and 
that  on  the  right  is  the  brachialis  anticus.    The  nerve  lies  deeply  between  the  two. 

interval  between  them  crossing  the  incision  almost  vertically  from  above 
downwards  (see  Fig,  247). 

Difficulties.  This  operation  is  difficult  unless  the  interval  between 
the  two  muscles  mentioned  above  be  hit  off  accurately.  The  supinator 
longus  (brachio-radialis)  has  a  long  attachment  to  the  external  inter- 
muscular septum  and  extends  higher  up  the  arm  than  one  is  apt  to  think; 
the  inter-muscular  septum  between  it  and  the  brachialis  anticus  (brachi- 
alis) easily  escapes  notice,  as  the  fibres  of  the  two  muscles  run  very 
much  in  the  same  direction.  The  position  recommended  above  serves  to 
define  the  supinator  longus  better  than  any  other,  and,  if  it  be  used,  there 
should  be  little  difficulty  in  finding  the  nerve. 
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EXPOSURE  OF  THE  GREAT  SCIATIC  NERVE 

Indications.  The  operation  of  stretching  the  great  sciatic  nenc 
either  subcutaneously  or  after  exposure  by  operation  was  formerly  much 
in  vogue  for  the  relief  of  obstinate  sciatica.  At  the  present  time,  how- 
ever, it  is  only  rarely  done,  but  it  may  be  necessary,  occasionally,  for 
cases  of  simple  sciatica  which  do  not  yield  to  medical  treatment.  For 
this  purpose  the  nerve  is  exposed  just  below  the  fold  of  the  buttock. 

Surgical  anatomy.  The  nerve  emerges  from  the  great  sacro-sciatic 
foramen  below  the  pyriformis  muscle  and  extends  from  that  point  to 
its  division  into  the  internal  and  external  popliteal  branches.  The  level 
at  which  the  division  takes  place  varies  considerably ;  it  may  occur  nearly 
as  low  down  as  the  popliteal  space,  whilst  sometimes  the  two  branches 
are  distinct  from  the  point  of  emergence  of  the  nerve  from  the  pelvis. 

The  surface  line  of  the  nerve  is  from  the  mid-point  between  the 
tuber  ischii  and  the  great  trochanter  to  the  centre  of  the  popliteal  space. 
In  the  buttock  the  nerve  lies  beneath  the  gluteus  maximus  and  has  the 
origin  of  the  hamstring  muscles  internal  to  it.  In  the  thigh  it  passes 
beneath  the  hamstrings  and  lies  upon  the  adductor  magnus.  It  is  the 
strongest  nerve  in  the  body,  and  is  nearly  half  an  inch  in  breadth.  It 
is  said  to  be  able  to  withstand  a  tensile  strain  of  nearly  lOO  lbs.  without 
rupture. 

Operation.  The  patient  lies  as  nearly  flat  upon  his  face  as  the 
exigencies  of  the  anaesthetic  will  permit.  The  surgeon  makes  an  incision 
four  inches  long  in  the  line  of  the  nerve  (zide  supra)  running  downwards 
from  the  fold  of  the  buttock.  It  is  important  that  the  incision  should  not 
be  made  higher  than  this,  for  the  lower  edge  of  the  gluteus  maximus 
always  extends  a  full  inch  below  the  fold  of  the  buttock,  and  if  the 
centre  of  the  incision  be  made  to  lie  over  the  gluteal  fold,  as  it  often  is, 
the  gluteus  maximus  will  cover  the  whole  of  the  wound,  and  this  greatly 
interferes  with  the  exposure  of  the  nerve. 

When  the  fat  and  the  deep  fascia  of  the  buttock  have  been  opened  up, 
the  coarse  fibres  of  the  gluteus  maximus  are  seen  running  obliquely 
downwards  and  outwards.  The  lower  border  of  this  muscle  is  defined 
and  pulled  up  with  retractors,  when  the  mass  of  the  hamstring  muscles 
will  be  found  lying  immediately  beneath  the  incision  but  on  a  deeper 
plane  than  the  gluteus  maximus.  The  outer  border  of  these  is  defined 
and  the  whole  mass  is  pushed  bodily  inwards,  when  the  firm  rounded 
sciatic  nerve  is  felt  lying  to  their  outer  side  and  on  a  somewhat  deeper 
plane  still  (see  Fig.  248).  In  a  muscular  subject  it  will  be  necessary 
to  flex  the  knee  in  order  to  relax  the  hamstrings  sufficiently  to  allow 
them  to  be  pulled  well  inwards.    The  sciatic  nerve  is  easily  recognized 
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by  its  size  and  by  the  fact  that  it  lies  in  a  mass  of  fat  and  has  compara- 
tively large  vessels  (comes  nervi  ischiadici)  over  it. 

A  large  blunt  hook  is  now  passed  beneath  the  nerve^  which  is  cleared 
by  a  few  touches  of  the  knife,  the  index  and  middle  fingers  are  hooked 
beneath  it,  and  the  nerve  is  drawn  well  up  to  the  surface.     It  is  quite 


Fic.  248,  Exposure  ok  the  Gkeat  Sciatic  Nerve,  The  upper  retractor  pults 
back  the  lower  border  of  the  gluteus  maximus.  The  left-hand  one  Is  retracting 
the  hamstring  muscles.    The  great  sciatic  nerve  lies  beneath  these. 

safe  to  apply  sufficient  traction  on  the  nerve  to  lift  the  limb  off  the 
table,  but  this  should  be  done  from  the  wound  towards  the  extremity 
rather  than  towards  the  spine,  as  there  is  then  no  risk  of  tearing  the 
nerve  from  the  spinal  cord ;  the  nerve  should  be  stretched  in  both  direc- 
tions, but  only  about  half  the  pull  should  be  exerted  towards  the  spine. 
It  should  be  stretched  sufficienlly  to  allow  two  fingers  passed  beneath 
it  to  lie  flush  with  the  skin  of  the  back  of  the  thigh.     The  wound  is 
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closed  without  a  drainage  tube.    The  paralysis  produced  by  the  stretch- 
ing soon  passes  off. 

EXPOSURE  OF  THE  INTERNAL  POPLITEAL 

(TIBIAL)  NERVE 

This  is  the  direct  continuation  of  the  great  sciatic  nerve,  and  passes 
down  the  centre  of  the  popliteal  space  to  become  the  (posterior)  tibia! 
nerve  at  the  lower  border  of  the  popliteus  muscles.  It  may  be  exposed 
for  the  purpose  of  anastomosing  it  to  the  external  branch  (see  p.  582). 
This  nerve  is  so  closely  associated  with  the  popliteal  artery  that  the 
operation  for  exposing  the  nerve  is  similar  in  all  respects  to  that  required 
for  the  exposure  of  the  artery.  The  nerve  lies  at  first  to  the  outer  side, 
then  behind,  and  finally  to  the  inner  side  of  the  vessel.  If  it  has  to  be 
exposed,  the  operation  will  be  similar  to  that  for  ligature  of  the  popliteal 
artery  at  the  lower  part  of  the  popliteal  space  (see  p.  441). 

EXPOSURE  OF  THE  EXTERNAL  POPLITEAL 
(COMMON  PERONEAL)  NERVE 

This  terminal  branch  of  the  great  sciatic  lies  close  to  the  outer  side 
of  the  popliteal  space  and  crosses  the  outer  head  of  the  gastrocnemius 
to  reach  the  neck  of  the  fibula  immediately  behind  or  below  the  tendon  of 
the  biceps  muscle.  The  nerve  may  be  felt  against  the  bone  about  an 
inch  below  the  insertion  of  the  tendon  into  the  top  of  the  fibula.  It 
may  require  to  be  exposed  in  order  to  anastomose  it  into  the  internal 
trunk  (see  p.  582). 

Operation.  The  limb  is  flexed  and  rotated  fully  inwards  and  a  two- 
inch  incision  is  made  parallel  to  and  half  an  inch  behind  the  tendon  of 
the  biceps,  the  centre  of  the  incision  being  over  the  point  of  insertion  of 
the  tendon  into  the  bone.  When  the  skin  has  been  divided,  the  limb 
is  flexed  somewhat  and  the  nerve  will  be  found  behind  and  below  the 
tendon  as  soon  as  the  deep  fascia  has  l>een  incised. 

EXPOSURE  OF  THE  ANTERIOR  CRURAL 

(FEMORAL)  NERVE 

This  nerve  passes  into  the  thigh  l^eneath  Poupart's  ligament  about 
half  an  inch  to  the  outer  side  of  the  femoral  artery,  and  lies  between 
the  psoas  and  iliacus  muscles,  the  former  of  which  separates  it  from  the 
artery.  It  breaks  up  into  its  terminal  branches  about  one  inch  below 
the  ligament,  and  the  incision  to  expose  it  should  therefore  commence 
above  Poupart's  ligament  and  should  be  about  two  inches  in  length, 
lying  one  inch  external  to  the  mid-point  between  the  anterior  superior 
iliac  spine  and  the  symphysis  pubis.  The  nerve  will  be  exposed  as  soon 
as  the  deep  fascia  has  been  divided. 
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CHAPTER  I 
OPERATIONS  UPON  MUSCLES 

MUSCLE  SUTURE 

Indications,  (i)  For  the  repair  of  muscles  divided  during  the 
course  of  an  operation. 

Familiar  examples  of  this  are  suture  of  the  sterno-mastoid  after 
ligature  of  the  innominate  by  the  Ji-incision  (see  p.  496)  or  of  the 


Fig.  249,  Muscle  Sutures,  a  shows  the  method  of  securing  a  suture  on 
each  side  so  that  it  will  not  tear  out  between  the  muscle  fibres,  b  shows  the 
method  of  approximating  the  divided  ends  of  the  muscle  by  tying  the  suture  above 
to  the  corresponding  one  below.  Quite  firm  traction  can  be  employed,  as  there  is 
no  risk  of  the  Included  mass  of  muscle  slipping  through  the  suture. 

clavicular  fibres  of  the  pectoralis  major  after  ligature  of  the  first  part  of 
the  axillary  (see  p.  490). 

(ii)  For  the  repair  of  muscles  that  have  ruptured  spontaneously,  e.g. 
the  biceps,  rectus  abdominis,  &c. 

Operation.  Muscle  is  a  difficult  structure  to  suture  satisfactorily. 
It  is  made  up  of  bundles  of  parallel  fibres,  and  the  contraction  of  the 
muscle  makes  the  sutures  cut  their  way  out  very  soon  unless  some  special 
means  are  taken  to  prevent  it.  Practically  there  is  no  suture  that  will 
withstand  the  pull  of  the  muscle  except  one  that  takes  a  firm  grip  of 
a  portion  of  the  muscular  fibres  before  it  is  tied.    A  suture  of  the  kind 
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is  seen  in  Fig.  249,  and  resembles  in  all  respects  that  for  suture  of  a 
tendon.  The  suture — moderately  fine  chromicized  catgut  is  the  best — is 
made  to  transfix  a  small  portion  of  the  edge  of  the  muscle  at  right  angles 
to  its  long  axis  about  half  an  inch  from  the  seat  of  rupture  on  one  side, 
and  that  portion  is  tied  moderately  tightly  in  the  suture,  the  ends  of 
which  are  left  long.  A  similar  suture  is  now  inserted  on  the  opposite 
side  of  the  rupture,  and  the  ends  of  this  suture  are  fastened  to  the  ends 


Fic.  250.  Mattress  Sutures  for  uniting  Muscle,  a  shows  the  method  of 
introducing  these  sutures,  which  are  of  the  ordinary  mattress  variety.  The  ends" 
of  the  muscle  are  then  approximated  and  the  sutures  are  tied  as  is  seen  in  B. 
The  effect  of  tiglitening  the  suture  is  to  cause  a  projection  on  the  muscle  as  shown 
in  the  figure,  which  prevents  the  fibres  escaping  from  the  grasp  of  the  suture. 

of  the  former  one,  the  limb  meanwhile  Iwing  put  into  a  position  in  which 
the  muscle  will  be  relaxed  to  its  utmost  extent. 

y\t  least  two,  and  preferably  four,  of  these  sutures  should  be  inserted 
in  order  to  take  the  pull  of  the  muscle.  Accurate  coaptation  may  be 
effected  by  means  of  simple  through-and-through  sutures. 

In  flat  muscles  the  mattress  suture  (see  Fig.  250)  may  be  useful 
occasionally,  but  the  one  first  described  will  be  generally  employed. 
Whenever  the  mu-icle  is  tendinous  in  parts,  the  suture  should  take  in 
the  tendinous  portion  if  possible. 

There  are  a  few  practical  points  of  importance  that  should  be  attended 
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to  if  the  best  result  is  to  be  obtained.  The  gap  in  the  muscle  should 
never  coincide  with  the  skin  incision  if  this  can  be  avoided,  as  an  adherent 
scar  is  very  likely  to  follow,  and  this  interferes  materially  with  the 
working  of  the  muscle.  Therefore,  when  it  is  known  that  a  muscle  will 
have  to  be  divided  and  reunited  in  the  course  of  any  operation,  the  two 
incisions  must  be  planned  so  as  to  avoid  correspondence.  When  the 
operation  is  done  for  subcutaneous  rupture  of  a  muscle,  the  gap  should 


Fig.  251.  Muscle-lengthening.  The  method  shown  is  the  one  described  as 
the  '  multiple  cone '  incision,  a  shows  the  manner  in  which  the  incision  is  made 
across  the  muscle,  b  the  way  in  which  the  lengthening  is  produced  after  the  inci- 
sion, c  shows  the  various  projections  united  into  one  mass  on  each  side  of  the 
incision  and  the  two  ends  of  the  muscle  then  sutured  by  the  stitch  shown  tn  Fig. 
249.  It  is  obvious  that  no  incision  through  muscular  tissue  could  approach  the 
accuracy  depicted  in  the  diagram. 

be  exposed  by  raising  a  flap,  the  incision  for  which  should  be  placed  at 
some  distance  from  the  actual  gap. 

The  strain  on  the  line  of  union  should  be  distributed  as  evenly  as 
possible  among  the  sutures,  and  a  good  number  of  these  should  be 
inserted  so  as  to  minimize  the  strain  on  any  individual  one.  It  is  not 
necessary  to  cut  away  fibrous  tissue  between  the  ends  in  long-standing 
cases  as  it  is  in  nerve  suture. 

The  limb  must  always  be  put  up  on  a  splint  that  will  relax  the 
affected  muscle  to  the  utmost.  It  should  be  kept  in  the  fully  relaxed 
position  for  a  fortnight,  after  which  time  it  may  be  extended  gradually. 
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MUSCLE-LENGTHENING 

A  muscle  should  never  be  lengthened  when  its  tendon  can  be  got  at 
and  treated  in  the  same  way;  tendons  unite  much  more  satisfactorily 
than  do  muscles.  It  may  possibly  be  called  for  in  rupture  of  the  biceps 
of  long  standing,  where  the  contraction  of  the  divided  ends  is  extreme, 
although  I  have  never  met  with  a  case  in  which  the  ends  could  not  be 
brought  into  apposition  by  other  means.  It  has  been  advocated  for 
operations  for  long-standing  fractures  of  the  olecranon  and  patella,  but 
Lord  Lister's  plan  of  gradual  stretching  is  much  better  for  the  patella; 
in  the  olecranon  the  presence  of  the  triceps  aponeurosis  makes  the  opera- 
tion practically  one  of  tendon-lengthening. 

Operation.  There  are  two  methods  of  performing  the  operation. 
They  are  (a)  the  A-incision  and  (b)  the  '  multiple  cone '  incision. 

(a)  The  ^-incision  is  the  simpler  method  and  likely  to  give  the 
better  result.  It  may  be  used  perhaps  when  there  is  difficulty  in  getting 
the  fragments  to  meet  in  fractures  of  the  olecranon  of  long  standing. 
It  gives  ample  lengthening,  but  the  best  results  are  likely  to  ensue 
where  there  is  a  good  deal  of  fibrous  aponeurosis  in  the  muscle. 

(fe)  The  '  multiple  cone  '  incision.  This  method  is  shown  in  Fig.  251, 
and  is  more  valuable  in  theory  than  in  practice.  The  difficulty  is  that 
the  incision  is  through  muscle  fibre,  and  is  therefore  impossible  to  fashion 
with  accuracy,  while  the  net  result  is  very  little,  owing  to  the  contraction 
of  the  muscular  fibres. 

VON  VOLKMANN'S  CONTRACTURE 

The  views  of  authors  have  differed  widely  and  the  condition  has  been 
considered  a  primary  muscle  change  (Volkmann,  Leser),  primary  nene 
affection  (Choostek,  Mannkopf,  Lapinski),  primary  muscle  and  second- 
ary nerve  change  (Hildebrand),  and  nerve  and  muscle  degeneration 
simultaneously  (Bardenhauer).  However,  that  nerve  pathology  is  not 
an  essential  part  and  when  present  is  purely  a  complication  is  evident 
when  one  considers  that  nerve  injury  results  in  flaccid  paralysis  and 
contractures  which  are  due  to  unopposed  antagonists,  while  in  Volk- 
mann's  contracture  the  loss  of  power  and  contracture  are  in  the  same 
muscle  group.  However,  it  has  been  stated  that  about  60  per  cent,  are 
accompanied  by  nerve  injury,  the  median  and  ulnar  furnishing  most  of 
the  complications. 

The  pathology  consists  in  a  traumatic  myositis  characterized  by 
haemorrhage  and  effusion  into  the  muscles  followed  by  intense  subfascial 
oedema  which  results  in  a  fibrosis  in  the  muscle  group  involved.     Parts 
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of  the  involved  muscle  group  and  parts  of  the  individual  muscles  may  be 
spared,  and  it  is  upon  this  fact  that  the  principles  of  treatment  are  based. 
As  pointed  out  by  von  Volkmann  and  emphasized  by  later  authors,  any- 
thing which  adds  constriction  to  the  part  predisposes  to  this  traumatic 
myositis.  Circular  casts,  tight  bandages,  and  continued  acute  flexion  of 
the  elbow  after  injury  in  this  region  are  in  the  histories  of  more  than  50 
per  cent,  of  the  cases.  The  damage  is  done  within  24  to  48  hours  and 
the  chief  evidence  of  its  progress  is  pain. 

Late  cases  present  the  claw  hand  with  flexion  of  the  phalanges  and 
extension  of  the  metacarpo-phalangeal  joints.  There  is  also  a  varying 
degree  of  flexion  at  the  wrist  and  in  extreme  cases  the  forearm  is  slightly 
pronated  and  the  elbow  flexed.  If  the  wrist  is  acutely  flexed,  the  fingers 
in  all  but  extreme  cases  may  be  straightened.  Upon  this  fact  depends 
the  various  non-operative  treatments. 

If  loss  of  power  in  any  muscle  group  occurs,  immediate  steps  must  be 
taken  to  prevent  their  contraction.  This  is  accomplished  by  splints. 
Usually  some  contractile  substance  remains,  and  if  the  contraction  of 
the  fibrotic  muscles  is  prevented  the  disability  is  reduced  to  a  minimum. 

The  non-operative  treatment  of  the  established  condition  aims  to 
stretch  the  contracted  muscles.     The  Jones  method  follows: 

Cut  off  zinc  or  sheet  iron  5  splints  which  will  fit  the  patient's  fingers 
when  extended.  An  assistant  flexes  the  wrist  fully.  This  relaxes  and 
straightens  the  fingers,  which  are  then  separately  splinted.  The  patient 
then  attempts  to  extend  the  metacarpo-phalangeal  range.  After  a  few 
days  this  admits  of  splint  from  finger  tips  to  wrist,  the  wrist  fully  flexed 
to  apply  this.  Over  finger  splints  attempts  are  then  made  to  extend 
wrist.  In  several  days  splint  to  elbow  is  applied,  the  splint  over  others. 
By  degrees  extension  is  continued  until  the  wrist  can  be  fully  extended 
with  fingers  straight.  To  maintain  what  is  gained  the  metal  splint  is 
bent.  After  some  weeks  massage  is  instituted.  This  occasionally  fails 
on  account  of  deep  structure  fixation. 

Taylor  fits  a  brace  over  a  plaster  mould  of  the  forearm.  This 
is  applied  and  by  rubber  bands  extending  from  the  fingers  to  a  lever  from 
the  dorsum  of  the  brace  he  obtains  extension.  The  force  can  be  regu- 
lated by  the  strength  of  the  rubber  band  used  and  it  is  argued  that  slack 
is  immediately  taken  up  and  stretching  is  constant  and  steady. 

Operative  measures  consist  chiefly  in  operations  on  the  tendons 
lengthening  those  of  the  flexor  group.  This  is  done  best  by  the  double 
L  or  Z  incision  in  the  tendon.  The  operative  site  selected  is  just  above 
the  anterior  annular  ligament  of  the  wrist.  Success  depends  on  observ- 
ing the  following  principles :  The  deformity  is  corrected  by  lengthening 
the  tendon  so  as  to  balance  the  opposing  muscle  groups.     Transverse 


628  OPERATIONS  UPON  MUSCLES 

division  of  such  portion  of  joint  capsule  or  deep  aponeurosis  so  as  to 
permit  full  latitude  of  motion  in  wrist  with  fingers  extended  at  time  of 
operation.  At  times  three  inches  of  lengthening  is  necessary.  If  pos- 
sible it  is  well  to  avoid  division  of  adjacent  tendons  in  the  same  plane. 
This  lessens  chances  of  adhesions.  To  prevent  these  it  is  well  to  make 
liberal  free  fat  transplants,  making  a  fat  tunnel  for  each  tendon  extend- 
ing well  above  and  below  the  line  of  division.  One  may  avoid  cross 
suturing  tendons  by  inserting  immediately  after  division  a  suture.  This 
is  not  tied  until  the  sutures  are  complete  at  the  end  of  the  tendon  oper- 
ative work. 

Shortening  of  the  radius  and  ulna  have  been  done,  but  the  operation 
weakens  the  extensors  and  furnishes  some  added  danger  of  infection  and 
non-union. 

Strict  asepsis  is  essential  to  this  open  work,  w^hich  is  done  with  a  con- 
strictor applied. 

It  must  be  remembered  that  the  majority  of  these  cases  are  in  chil- 
dren and  that  the  bones  may  grow  faster  than  the  nutritionally  impaired 
flexors,  thus  nullifying  the  correction. 

The  post-operative  treatment  is  important;  active  motion  is  begun  in 
ID  to  15  days  and  continued  with  mechano-  and  hydrotherapy  to  prevent 
further  contraction. 

The  measures  proposed  assume  the  presence  of  some  contractile 
portions  in  the  involved  muscle  group.  Concomitant  nerve  injury  must 
be  managed  along  the  lines  indicated  by  the  condition. 


CHAPTER  II 
OPERATIONS  UPON  TENDONS 

TENOTOMY 

Indications.  Tenotomy,  or  division  of  a  tendon,  may  be  required : — 

(i)  For  the  relief  of  various  deformities  due  to  infantile  paralysis. 
These  may  occur  in  any  part  of  the  body,  but  are  commonest  about  the 
foot.  In  the  majority  of  cases  the  tenotomy  will  be  done  by  the  sub- 
cutaneous method. 

(ii)  For  the  relief  of  deformities  following  upon  cicatricial  contrac- 
tions from  wounds,  burns,  &c.  In  these  cases  the  open  method  should 
always  be  employed,  as  the  parts  are  always  distorted  by  the  deformity, 
and  great  care  is  required  in  the  identification  of  the  structures  divided. 

(iii)  For  wry-neck  of  the  permanent  or  non-spasmodic  form.  In 
these  cases  the  sternal,  and  possibly  the  clavicular,  head  of  the  sterno- 
mastoid  will  require  division,  which  should  always  be  done  by  the  open 
method. 

(iv)  For  deformity  resulting  from  spastic  paraplegia.  Cases  of  this 
kind  are  often  improved  by  division  of  the  tendons  of  the  muscles  that 
are  in  a  state  of  spastic  contraction ;  for  example,  walking  may  be  greatly 
facilitated  by  division  of  the  tendo  Achillis. 

(v)  To  prevent  tilting  of  the  heel  after  an  operation  such  as 
Chopart's  amputation;  it  is  rarely  used  nowadays  for  this  purpose, 
however. 

A  tendon  may  be  divided  either  by  the  open  or  the  subcutaneous 
method.  In  the  former  it  is  exposed  by  a  suitable  incision  in  the  skin, 
and  is  then  divided  with  an  ordinary  scalpel.  In  the  latter  method  a 
special  small  knife  called  a  tenotome  (see  Fig.  252)  is  introduced  through 
a  minute  puncture  in  the  skin,  and  the  tendon  is  divided,  the  knife  being 
guided  merely  by  the  sense  of  touch.  Any  tendon  may  be  divided  by 
either  of  these  methods;  formerly  the  subcutaneous  method  was  almost 
invariably  practised,  because  it  was  less  likely  to  be  followed  by  sepsis. 
It  was  generally  recognized  that  when  air  did  not  gain  free  access  to 
a  wound,  suppuration  was  unlikely  to  follow,  and  hence  subcutaneous 
operations  became  popular.  At  the  present  time,  however,  this  has 
no  weight,  and  the  merits  of  the  open  and  subcutaneous  methods  have 
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to  be  considered  apart  from  the  question  of  sepsis.  Each  has  its  distinct 
advantages  and  disadvantages. 

The  open  method  should  be  chosen : — 

(i)  When  there  are  important  structures  in  the  immediate  neigh- 
bourhood of  the  tendon  which  may  be  damaged  by  the  tenotome. 
Examples  of  this  are  seen  in  the  case  of  division  of  the  sternal  head 
of  the  sterno-mastoid,  or  of  the  biceps  tendon  in  the  leg.    In  each  case 


Fig.  252.  Tenotomes.  The  various  forms  of  tenotomy  knives  are  shown 
above.  From  left  to  right  they  are : — The  straight  blunt-pointed  form,  substituted 
for  the  sharp-pointed  one  when  there  are  important  structures  to  be  avoided. 
Next  comes  the  blunt-pointed  curved  tenotome,  which  is  useful  when  a  tendon 
lying  over  a  curved  bony  surface  has  to  be  cut  down  upon  from  the  front.  The 
next  in  order  is  the  ordinary  sharp-pointed  tenotome,  and  the  one  on  the  extreme 
right  is  the  double-edged  variety  of  the  same  instrument.  The  latter  is  particu- 
larly useful  for  division  of  ligaments,  which  it  can  divide  by  being  moved  from 
side  to  side. 


a  subcutaneous  operation  is  fraught  with  great  danger  to  important 
structures. 

(ii)  When  division  of  a  particular  tendon  is  only  a  part  of  the  opera- 
tion required  for  the  cure  of  the  deformity.  It  not  infrequently  happens 
that,  besides  the  tendon,  the  fascial  structures  in  the  neighbourhood, 
and  sometimes  the  ligaments  of  a  neighbouring  joint,  require  division 
before  the  deformity  can  be  properly  corrected.  An  example  of  this 
is  seen  in  wry-neck,  where  not  only  may  both  heads  of  the.  sterno-mastoid 
be  affected,  but  the  deep  fascia  of  the  neck,  and  even  the  sheath  of  the 
great  vessels,  may  be  so  contracted  as  to  require  division;  this  can 
only  be  done  by  free  exposure  of  the  parts  and  most  careful  dissec- 
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tion.  The  tendency  is  to  use  the  open  method  more  frequently  at  the 
present  time,  as  its  great  advantage  is  its  certainty  and  safety.  It  has, 
however,  the  disadvantage  that  it  leaves  a  wound  that  requires  suturing 
and  is  therefore  longer  in  healing  and  less  sightly  than  the  mere  puncture 
left  by  the  tenotome. 

The  subcutaneous  method  is  exceedingly  simple  and  is  quite  safe  in 
suitable  cases,  while  at  the  same  time  it  is  effective  and  leaves  no  scar. 
It  is  pre-eminently  the  operation  for  isolated  and  well-defined  tendons 
which  have  no  important  structures  in  their  immediate  neighbourhood. 

Certain  precautions  are  necessary  for  due  success  in  performing 
tenotomy.  When  it  is  desired  that  the  divided  tendon  should  subse- 
quently reunite,  as,  for  example,  in  the  case  of  the  tendo  Achillis  in 
talipes  equinus,  it  is  important  that  the  division  should  not  be  practised 
where  the  tendon  runs  in  a  definite  synovial  sheath,  such  as  those  about 
the  ankle  or  the  front  of  the  wrist.  When  a  tendon  is  divided  in  these 
situations,  the  plastic  material  thrown  out  between  the  divided  ends 
causes  them  to  adhere  to  the  synovial  sheath,  with  the  result  that, 
although  the  ends  may  unite,  the  movement  of  the  tendon  is  hampered, 
if  not  entirely  destroyed,  by  its  adhesion  to  the  sheath.  If,  therefore, 
it  be  found  necessary  to  divide  a  tendon  within  its  synovial  sheath,  as 
may  be  the  case,  for  example,  in  a  contracted  wrist,  the  operation 
should  not  be  a  simple  tenotomy,  but  should  be  some  form  of  tendon- 
lengthening,  the  tendon  being  exposed  by  slitting  up  its  sheath,  and 
measures  being  adopted  to  elongate  it  permanently  (see  p.  653). 

DIVISION  OF  THE  TENDO  ACHILLIS 

This  operation  is  in  common  use  and  gives  excellent  results.  It  may 
be  done  by  either  the  subcutaneous  or  the  open  method,  the  former  being 
the  one  in  almost  universal  use. 

Indications,  (i)  The  chief  affection  for  which  the  tendo  Achillis 
is  divided  is  talipes  equinus.  As  a  rule  the  equinus  is  combined  with 
some  other  deformity,  such  as  varus  or  valgus,  and  division  of  the  tendo 
Achillis  may  either  be  done  at  the  time  that  the  varus  deformity  is  recti- 
fied, or,  preferably,  some  time  afterwards.  This  on  the  whole  gives 
better  results,  as  the  firm  support  afforded  by  the  tendo  Achillis  enables 
the  surgeon  to  apply  the  stretching  necessary  to  overcome  the  varus 
deformity.  The  equinus  may  be  either  congenital  or  may  be  the  result  of 
infantile  paralysis;  in  some  cases  division  of  the  tendo  Achillis  will  be 
needed  for  the  relief  of  spastic  contraction  of  the  calf  muscles. 

When  the  degree  of  equinus  is  extreme,  and  the  gap  following  divi- 
sion of  the  tendo  Achillis  will  be  wide  enough  to  lead  to  doubt  as  to 
whether  the  plastic  exudation  thrown  out  between  the  divided  ends  will 
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give  sufficiently  firm  uniting  material,  it  is  a  question  whether  it  is  not 
better  to  abandon  simple  tenotomy  in  favour  of  one  of  the  forms  of 
tenoplasty  with  the  object  of  lengthening  the  tendon  (see  p.  653).  Per- 
sonally, I  should  be  inclined  to  make  use  of  this  latter  method  whenever 
the  gap  after  simple  tenotomy  was  likely  to  exceed  three-quarters  of  an 
inch  in  length.  It  used  to  be  the  custom,  however,  to  employ  tenotomy, 
and  after  it  to  put  the  foot  up  at  an  obtuse  angle  to  the  leg,  and  only  to 
bring  it  to  a  right  angle  by  degrees. 

(ii)  The  tendon  has  been  divided  at  the  end  of  Chopart's  amputation 
to  prevent  tilting  of  the  heel.  This,  however,  is  rarely  necessary  nowa- 
days, partly  because  Chopart's  operation  is  seldom  done,  but  chiefly 
because  the  tilting  of  the  heel  occurring  soon  after  this  operation  was 
mainly  due  to  septic  infection  of  the  wound,  and  this  no  longer  happens. 
The  tendency  to  tilting  at  a  later  date  is  best  avoided  by  stitching  the 
extensor  tendons  to  the  stump. 

(iii)  Occasionally  it  may  be  necessary  to  divide  the  tendon  in  order 
to  reduce  a  dislocation  of  the  foot  as  in  Pott's  fracture,  &c. 

There  are  two  methods  of  doing  the  operation: — 

(a)  By  introducing  the  tenotome  between  the  skin  and  the  posterior 
surface  of  the  tendon  and  cutting  towards  the  tibia. 

(b)  By  introducing  the  tenotome  across  the  anterior  surface  of  the 
tendon  and  cutting  backwards  towards  the  skin. 

Each  method  has  its  own  advocates,  but  there  is  very  little  to  choose 
between  them.  In  the  former  there  is  a  little  difficulty  in  running  the 
tenotome  between  the  tendon  and  the  skin,  and  there  is  perhaps  a  little 
more  risk  of  damaging  the  vessels  as  the  last  fibres  of  the  tendon  are 
divided.  It  has,  however,  the  great  advantage  that  it  enables  the  surgeon 
to  divide  all  tight  fascial  bands  on  the  anterior  surface  of  the  tendon 
much  more  completely  than  is  possible  by  the  other  method.  On  the 
other  hand,  if  the  tendon  be  divided  from  before  backwards,  it  is  easier 
to  pass  the  tenotome  across  the  flat  anterior  surface  of  the  tendon  and 
thus  to  avoid  injuring  the  vessels.  But  the  disadvantage  of  this  method 
is  that  contracted  fibres  of  the  deep  fascia  and  the  tendon  sheath  may 
be  left  undivided,  and  therefore  the  operation  will  not  always  be  as 
satisfactory  as  it  should  be.  Moreover,  an  incautious  cut  on  the  part 
of  the  surgeon  or  an  involuntary  movement  on  the  part  of  the  patient 
may  cause  the  knife  to  emerge  through  the  skin  and  convert  the  tenotomy 
puncture  into  an  open  wound.  In  the  tendo  Achillis  this  is  a  distinct 
disadvantage,  as  it  is  apt  to  be  followed  by  an  adherent  cicatrix.  I  prefer 
to  divide  the  tendon  from  the  skin  towards  the  bone  and  have  never 
experienced  trouble  from  the  proximity  of  the  vessels. 

Either  operation  may  be  done  from  the  inner  or  the  outer  aspect  of 
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the  limb,  but  usually  the  inner  side  is  chosen  for  inserting  the  tenotome, 
as  the  vessels  are  then  out  of  the  way  of  the  point  of  the  knife,  which 
necessarily  traverses  a  wider  arc  than  the  hilt.  In  order  to  avoid  damage 
to  the  subjacent  parts  by  the  point  of  the  knife  some  surgeons  are  in 
the  habit  of  employing  two  tenotomes,  a  sharp-  and  a  blunt-pointed 
one,  the  latter  being  introduced  flatwise  along  the  sharp  one,  which  is 
used  to  make  the  incision  down  to  the  tendon,  until  it  is  in  position, 
when  the  sharp  tenotome  is  withdrawn  and  the  section  completed  with 
the  blunt-pointed  one. 

Operation.  After  the  parts  have  been  disinfected,  the  foot  is 
wrapped  in  a  sterilized  towel  and  an  assistant  grasps  it  with  one  hand, 
whilst  he  seizes  the  calf,  which  is  also  wrapped  in  a  sterilized  towel,  in 
the  other.  The  limb  is  either  drawn  over  the  end  of  the  table  or  is 
well  raised  from  it,  and  is  rotated  so  that  the  inner  border  of  the  tendo 
Achillis  looks  vertically  upwards,  the  outer  border  of  the  foot,  there- 
fore, being  parallel  with  the  surface  of  the  table.  The  surgeon  faces 
the  heel,  and,  whilst  the  assistant  puts  the  tendo  Achillis  on  the  stretch 
by  bending  the  front  of  the  foot  upwards,  he  feels  for  its  inner  border 
and  inserts  a  sharp  tenotome,  which  should  have  a  blade  half  an  inch 
long,  through  the  skin  over  it  about  one  inch  above  the  top  of  the  os 
calcis.  As  soon  as  the  puncture  has  been  made  the  assistant  relaxes 
the  tendo  Achillis  by  depressing  the  front  of  the  foot,  and  the  surgeon 
pushes  the  tenotome,  the  blade  of  which  should  lie  flatwise  against  the 
tendon,  carefully  round  between  it  and  the  skin  under  the  guidance  of 
his  left  index  finger  until  its  point  can  be  felt  immediately  beneath  the 
skin  over  the  outer  border  of  the  tendon.  The  edge  is  then  turned 
towards  the  tendon,  and  the  assistant  puts  the  tendo  Achillis  on  the 
stretch  once  more  by  pressing  up  the  front  of  the  foot  as  forcibly  as 
possible.  The  tendon  is  divided  by  a  series  of  short  cuts  mainly  with 
the  point  of  the  tenotome.  As  the  division  nears  completion  a  definite 
gap  can  be  felt  by  the  left  index  finger  which  is  kept  on  the  posterior 
surface,  and  the  last  few  fibres  give  way  with  a  sudden  snap,  leaving  a 
well-marked  interval  between  the  divided  ends,  so  that  the  surgeon  knows 
that  the  tendon  is  completely  cut  in  two.  Before  withdrawing  the 
tenotome  the  finger  is  inserted  into  the  gap  and  any  contracted  fibrous 
bands  deep  to  the  tendo  Achillis  are  felt  for,  and,  if  present,  divided  by 
a  few  touches  with  the  point  of  the  knife.  A  small  pad  of  gauze  is 
placed  over  the  puncture  in  the  skin  and  fastened  on  with  collodion. 

Difficulties  and  dangers.  The  chief  one  is  a  wound  of  the  tibial 
vessels;  this  is  only  likely  to  occur  if  too  large  a  tenotome  be  used,  or 
if  the  knife  be  introduced  from  the  outer  side  and  its  point  be  swept 
through  too  large  an  arc  during  the  division  of  the  tendon.    The  occur- 
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rence  of  this  accident  is  recognized  with  some  degree  of  certainty  when 
a  pulsating  jet  of  arterial  blood  issues  from  the  tenotomy  puncture.  It 
is  easy  to  stop  this  bleeding  by  pressure,  but  it  is  probably  better  to 
enlarge  the  wound  and  find  and  secure  the  wounded  vessel.  This  is 
better  than  trusting  to  pressure,  as  the  vessel  may  be  only  partially 
divided  and  a  traumatic  aneurysm  may  follow;  this  would  necessitate 
a  subsequent  operation.  Moreover,  the  tenotome  may  have  divided  the 
nerve,  which  can  be  sutured  forthwith. 

The  only  other  complication  likely  to  be  met  with  is  that  the  knife 
may  cut  its  way  out  through  the  skin  as  the  last  fibres  of  the  tendon  are 
divided.  This  is  only  likely  to  happen  if  the  division  be  effected  from 
the  deep  surface  towards  the  skin,  and  then  only  if  much  vigour  be 
exerted  during  division,  or  if  the  patient  be  incompletely  anaesthetized. 
Should  it  happen,  the  wound  must  be  sutured  in  the  ordinary  way. 

After-treatment.  The  limb  is  put  up  with  the  foot  at  right  angles 
to  the  leg  upon  a  back-splint  with  a  suitable  foot-piece ;  in  three  or  four 
days  the  tenotomy  puncture  will  have  healed.  The  limb  may  then  be 
put  up  in  some  immovable  apparatus  for  a  month  or  six  weeks,  after 
which  time  the  child  may  begin  to  walk.  No  violent  exertion  should 
be  allowed  for  another  month. 

DIVISION  OF  THE  TIBIALIS  ANTICUS  (ANTERIOR)  TENDON 

After  passing  through  the  innermost  sheath  in  the  anterior  annular 
(laciniate)  ligament  this  tendon  crosses  the  front  of  the  ankle-joint  lying 
upon  the  astragalus  (talus),  scaphoid  (navicular),  and  internal  (first) 
cuneiform  bones  and  the  ligaments  uniting  them,  to  be  inserted  into  the 
inner  aspect  of  the  internal  (first)  cuneiform  and  the  adjacent  base  of 
the  first  metatarsal.  As  it  passes  beneath  the  annular  (laciniate)  liga- 
ment it  possesses  a  definite  synovial  sheath  which  extends  upwards  for 
nearly  two  inches  above  the  malleolus. 

Indications.  The  tibialis  anticus  (anterior)  is  often  contracted  in 
talipes  equino-varus,  and,  as  it  acts  as  a  powerful  adductor  of  the  foot, 
it  is  usually  necessary  to  divide  it  in  order  to  overcome  the  varus. 

Operation.  The  tendon  is  usually  divided  between  the  lower  edge 
of  the  annular  (laciniate)  ligament  and  its  insertion  into  the  bone.  It 
can  be  identified  without  difficulty  and  stands  out  in  relief  when  the 
foot  is  abducted.  Division  is  practised  about  three-quarters  of  an  inch 
above  its  insertion  into  the  internal  (first)  cuneiform,  where  it  crosses 
the  scaphoid  (navicular).  The  tendon  is  commonly  divided  from  the 
deep  surface  towards  the  skin,  and  it  is  usual  to  employ  a  blunt-pointed 
tenotome  after  the  puncture  in  the  skin  has  been  made  with  a  sharp  one; 
this,  however,  is  not  a  matter  of  practical  importance. 


TENOTOMY  635 

The  limb  is  fixed  by  an  assistant,  who  stands  on  its  outer  side  and 
grasps  the  front  of  the  foot  firmly  with  one  hand  and  the  leg  with  the 
other:  he  then  puts  the  tendon  on  the  stretch  by  plantar-flexing  and 
abducting,  the  toes.  The  surgeon  stands  on  the  opposite  side  and  defines 
the  outer  edge  of  the  tendon  with  his  left  index  finger  so  that  he  may 
feel  the  point  of  the  knife  when  it  is  passed  across  beneath  the  tendon. 
The  sharp-pointed  tenotome  is  thrust  through  the  skin  on  the  inner 
or  plantar  side  of  the  tendon  and  passed  across  immediately  beneath 
it,  with  its  blade  flatwise  to  the  tendon,  until  its  point  is  felt  beneath 
the  skin  on  the  opposite  side  by  the  left  forefinger;  while  this  is  being 
done  the  assistant  relaxes  the  traction  on  the  tendon.  The  edge  of  the 
tenotome  is  then  turned  towards  the  tendon  and  is  made  to  cut  towards 
the  skin  by  short  sawing  movements,  the  tendon  meanwhile  being  put 
firmly  on  the  stretch  again.  When  two  tenotomes  are  used,  the  blunt- 
pointed  one  is  passed  flatwise  along  the  sharp  one  after  the  latter  is  in 
position  beneath  the  tendon;  the  sharp-pointed  instrument  is  then  with- 
drawn and  the  section  of  the  tendon  completed  with  the  blunt  one. 
The  division  is  accompanied  by  a  distinct  snap  and  the  appearance  of 
a  gap  in  the  tendon. 

The  operation  is  very  easy,  as  the  tendon  is  small  and  rounded  and 
the  movements  of  the  knife  can  be  checked  throughout  by  the  left 
index  finger  placed  upon  the  skin  over  it.  No  important  structures 
are  endangered  and  there  is  little  risk  of  cutting  through  the  skin  when 
the  tendon  is  divided.  Even  should  this  happen,  the  wound  is  compara- 
tively small  and  can  be  sutured  without  difficulty.  In  ordinary  cases  a 
small  pad  of  gauze  or  wool  is  fastened  on  with  collodion;  a  few  turns 
of  a  firmly  applied  bandage  outside  this  will  prevent  any  subcutaneous 
collection  of  blood. 

DIVISION    OF   THE   TIBIALIS    POSTICUS    (POSTERIOR)    AND    THE 

FLEXOR  HALLUCIS  LONGUS  TENDONS 

The  tibialis  posticus  (posterior)  tendon  passes  down  along  the  pos- 
terior aspect  of  the  tibia,  occupying  the  first  synovial  sheath  from  its 
inner  border.  It  passes  in  a  special  groove  beneath  the  inner  malleolus 
and  the  internal  annular  (laciniate)  ligament,  in  which  situation  it  has  a 
well-marked  synovial  sheath.  It  is  inserted  into  the  scaphoid  (navicular), 
the  cuneiforms,  the  cuboid,  and  the  second  and  fourth  metatarsal  bones. 
It  is  in  relation  to  important  structures,  as  external  to  it  lies  the  tendon 
of  the  flexor  digitorum  longus,  with  the  posterior  tibial  vessels  and  nerve 
immediately  to  its  outer  side.  These  structures  lie  so  close  together  that 
an  injudicious  stroke  of  the  knife  dividing  the  tibialis  posticus  (posterior) 
tendon  may  damage  the  vessels. 
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It  is  the  common  practice  to  divide  the  tibialis  posticus  tendon  above 
the  annular  ligament,  an  inch  or  more  above  the  tip  of  the  internal 
malleolus;  here  it  is  not  only  free  of  its  synovial  sheath,  but  the  vessels 
are  farthest  away  from  it.  It  is  still  usually  done  by  the  subcutaneous 
method,  but,  considering  the  danger  of  wounding  such  an  important 
structure  as  the  posterior  tibial  nerve,  it  would  seem  better  in  all  cases 
to  expose  it  freely  by  the  open  method  before  dividing  it. 

Operation.  The  subcutaneous  method.  The  assistant  faces  the  front 
of  the  leg  and  grasps  the  front  of  the  foot  in  one  hand  and  the  leg  in 
the  other;  the  limb  is  rotated  outwards  so  that  it  rests  on  the  outer 
side  of  the  foot  and  the  tendon  is  put  on  the  stretch  by  dorsiflexing  the 
foot.  The  surgeon  feels  for  the  tendon  just  behind  the  inner  border 
of  the  tibia,  and  sinks  the  sharp-pointed  tenotome  vertically  through 
the  skin  so  that  its  blade  shall  pass  flatwise  between  the  bone  and  the 
tendon.  The  left  index  finger  is  pressed  firmly  below  and  behind  the 
tendon  so  as  to  define  and  steady  it,  and  the  tenotome  is  pushed  on  until 
it  has  gone  down  quite  to  the  level  of  its  deep  surface;  the  assistant 
meanwhile  relaxes  the  tension.  The  cutting  edge  is  now  turned  towards 
the  tendon  and  this  structure  is  divided  from  its  deep  surface  towards  the 
skin,  the  tendon  being  put  finmly  on  the  stretch  once  more.  A  blunt 
tenotome  may  be  passed  into  the  wound  along  the  sharp  one  and  the 
actual  section  of  the  tendon  made  with  that.  The  flexor  hallucis  longus 
tendon  lies  so  close  outside  that  of  the  tibialis  anticus  that  it  is  usually 
partially  divided  at  the  same  time ;  this  is  not  a  matter  of  much  impor- 
tance, as  the  muscle  is  generally  contracted  and  its  tendon  needs  divi- 
sion also. 

It  is  obvious  that  there  is  considerable  risk  of  wounding  the  posterior 
tibial  vessels  and  nerve  which  lie  close  to  these  two  tendons.  Although 
better  fortune  seems  to  have  followed  this  operation  than  might  have 
been  expected,  it  is  nevertheless  'advisable  to  abandon  subcutaneous 
division  in  favour  of  the  more  certain  open  method,  which  can  be  prac- 
tised through  a  very  small  opening  and  ensures  perfect  exposure  of  the 
parts,  so  that  the  surgeon  can  see  and  divide  the  tendon  of  either  the 
tibialis  posticus  or  the  flexor  hallucis  longus  without  the  least  risk  to 
any  other  structures. 

The  open  operation  is  done  through  a  small  vertical  incision,  which 
need  not  be  more  than  half  or  three-quarters  of  an  inch  in  length  imme- 
diately over  the  inner  border  of  the  tibia,  which  can  always  be  felt  even 
in  the  fattest  subjects.  The  centre  of  this  incision  should  be  two  inches 
above  the  tip  of  the  internal  malleolus,  and  in  making  it  the  internal 
(great)  saphenous  vein  and  nerve  must  be  avoided.  The  deep  fascia 
of  the  leg  is  opened,  and  the  finger-tip  inserted  into  the  wound  will 
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feel  the  tendon  of  the  tibialis  posticus  immediately  behind  the  inner 
border  of  the  tibia;  this  is  caught  up  with  a  blunt  hook  and  pulled  into 
the  wound,  when  it  can  be  divided  with  scissors.  If  the  flexor  hallucis 
longus  is  to  be  divided  also,  this  can  be  done  by  inserting  the  hook 
again,  and  seizing  the  next  tendon  to  the  one  divided,  which  will  be  the 
one  sought  for.  This  is  divided  in  its  turn  without  any  risk  whatever 
to  the  posterior  tibial  vessels  or  nerve. 

DIVISION  OF  THE  PERONEI  TENDONS 

The  two  peronei  tendons  pass  into  the  foot  behind  the  outer  malleolus, 
which  they  groove  deeply  as  they  run  beneath  it.  They  are  contained 
in  a  common  synovial  sheath,  the  peroneus  brevis  being  the  upper  of  the 
two  tendons.  The  synovial  sheath  extends  from  about  an  inch  above 
the  tip  of  the  malleolus  forwards  into  the  foot.  The  peroneus  longus 
crosses  the  foot  obliquely  in  a  special  synovial  sheath  to  be  inserted  into 
the  under  surface  of  the  internal  (first)  cuneiform  and  the  adjacent 
part  of  the  base  of  the  first  metatarsal.  The  peroneus  brevis  is  inserted 
into  the  tuberosity  of  the  fifth  metatarsal. 

Indications,  (i)  The  peronei  rarely  require  division  for  contraction, 
although  this  may  be  necessary  in  some  advanced  cases  of  valgus  due  to 
infantile  paralysis. 

(ii)  Much  more  frequently  the  peronei  are  divided  as  a  preliminary 
to  using  them  for  the  purpose  of  tendon-grafting.  Sometimes  the 
paralysed  peronei  have  their  tendons  grafted  on  to  sound  muscles,  whilst 
sometimes  the  sound  peronei  have  tendons  of  paralysed  muscles  grafted 
on  to  them. 

There  are  no  important  structures  in  relation  with  these  tendons, 
and  if  simple  tenotomy  has  to  be  practised  both  tendons  will  probably 
require  division  and  the  subcutaneous  method  may  be  safely  employed. 

Subcutaneous  diTnsion.  The  assistant  faces  the  limb  and  seizes  the 
foot  in  one  hand  and  the  leg  in  the  other.  He  presses  up  the  toes  and 
forcibly  inverts  the  foot  so  as  to  put  the  peronei  tendons  on  the  stretch ; 
the  foot  should  rest  upon  its  inner  side  on  a  sand-bag.  The  surgeon  feels 
for  the  posterior  margin  of  the  fibula  and  introduces  his  tenotome  in 
a  somewhat  slanting  direction  two  inches  above  the  tip  of  the  external 
malleolus,  so  that  the  point  travels  a  little  backwards  parallel  with  the 
surface  of  the  fibula,  which  is  somewhat  oblique;  as  he  does  this,  the 
assistant  relaxes  his  pressure  upon  the  foot  so  as  to  relax  the  peronei 
and  to  facilitate  the  passage  of  the  tenotome  between  them  and  the 
bone.  When  the  point  of  the  knife  has  been  carried  well  down  to  the 
inner  edge  of  the  tendons,  its  cutting  edge  is  turned  towards  them 
and  they  are  divided  by  cutting  towards  the  skin,  the  tendons  mean- 
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while  being  put  firmly  upon  the  stretch  again.  Here,  as  in  the  former 
case,  the  section  may  be  completed  by  the  blunt-pointed  tenotome  if 
desired. 

When,  however,  tendon-grafting  is  to  be  employed,  or  when  only 
one  of  the  two  tendons  is  to  be  divided,  the  open  method  must  be 
employed.  In  this  the  tendons  are  exposed  either  by  a  small  vertical 
incision  directly  over  the  posterior  border  of  the  fibula  when  simple 
division  is  to  be  practised,  or  by  raising  a  semilunar  flap  with  its  base 
towards  the  fibula  so  as  to  give  plenty  of  room  for  the  tendon-grafting 
operation  (see  p.  664).  In  making  this  incision  and  in  raising  the  flap 
the  external  saphenous  vein  and  nerve  must  be  looked  for  and  preserved 
from  harm,  as  they  lie  just  behind  the  line  of  the  peronei  tendons. 

DIVISION  OF  THE  HAMSTRING  TENDONS 

Indications,  (i)  Division  of  one  or  more  of  the  hamstrings  is  often 
required  for  the  correction  of  contraction  of  the  knee  due  either  to 
injury,  operation,  or  disease.  For  injury,  division  of  the  hamstrings  is 
sometimes  required  to  counteract  their  contraction  in  certain  cases  of 
fracture  in  the  neighbourhood  of  the  knee-joint,  when  this  prevents  the 
proper  apposition  of  the  fragments.  In  cases  of  disease  the  powerful 
hamstrings  flex  the  knee  and  pull  the  tibia  backwards  and  outwards,  so 
that  partial  dislocation  of  the  tibia  on  the  femur  occurs  in  neglected 
cases,  and  division  of  the  tendons  is  necessary  before  this  can  be  rectified. 
Occasionally,  also,  flexion  of  the  knee  occurs  as  the  result  of  infantile 
paralysis,  but  this  is  not  very  common.  After  operations  such  as 
arthrectomy  in  children,  however,  it  is  quite  common  to  get  flexion  of 
the  knee;  the  tendency  to  flexion  is  extreme,  and  repeated  divisions 
of  the  hamstrings  may  have  to  be  performed  before  a  permanently  good 
result  is  obtained. 

(ii)  Division  of  the  hamstring  tendons  may  be  a  preliminary  to  an 
operation  either  for  shortening  these  tendons  or  for  tendon-grafting  in 
infantile  paralysis  of  the  extensors  of  the  knee. 

Any  of  the  three  hamstring  tendons  may  require  to  be  divided,  and 
in  addition  to  them  the  tendons  of  the  sartorius  and  the  gracilis  may 
need  exposure  for  the  purpose  of  either  lengthening  them  or  of  grafting 
other  tendons  on  to  them. 

Division  of  the  biceps  tendon.  The  biceps  tendon  is  inserted 
into  the  head  of  the  fibula  and  is  the  strong  cord  forming  the  outer 
boundary  of  the  popliteal  space  and  felt  on  the  outer  side  of  the  knee 
when  it  is  flexed  against  resistance.  The  tendon  is  divided  into  two 
parts  by  the  external  lateral  (fibular)  ligament  of  the  knee-joint,  and  it 
is  also  connected  with  the  popliteal  fascia  by  strong  fibrous  bands  run- 
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ning  from  its  posterior  border.  Immediately  along  this  border  runs  the 
external  popliteal  (peroneal)  nerve,  which  can  generally  be  felt  quite 
distinct  from  the  tendon  as  it  passes  down  to  the  neck  of  the  fibula. 
It  is,  however,  so  close  to  the  tendon  as  to  be  easily  endangered  by  sub- 
cutaneous division  of  that  structure. 

For  this  reason,  if  for  no  other,  the  subcutaneous  operation  should 
be  avoided  and  the  open  one  always  practised  when  any  operation  upon 
the  biceps  tendon  is  contemplated.  The  subcutaneous  operation  will 
therefore  not  be  described  here,  as  it  is  dangerous  even  for  simple  divi- 
sion, while  it  is  inefficient  for  cases  in  which  there  is  any  contraction  of 
the  surrounding  tissues,  as  is  not  infrequently  the  case;  it  is  obviously 
of  no  value  if  the  tendon  requires  lengthening,  as  it  frequently  does  in 
cases  of  contracted  knee.  In  these  cases  an  open  incision  allows  an 
oblique  section  of  the  tendon  to  be  made,  after  which  the  ends  can  be 
reunited  (see  p.  653),  so  that  satisfactory  union  is  assured.  This  should 
be  done  in  perference  to  simple  tenotomy  in  all  cases  in  which  there  is 
a  prospect  of  getting  a  movable  knee-joint  subsequently. 

The  open  operation  is  done  as  follows:  The  limb  is  laid  upon  its 
inner  and  the  surgeon  faces  its  outer  side.  An  incision  about  two  inches 
long  is  made  directly  down  upon  the  tendon  if  a  tendon-lengthening  or 
tendon-grafting  is  to  be  done,  but  one  of  about  half  an  inch  in  length 
will  suffice  if  the  operation  is  to  be  a  simple  tenotomy.  As  the  surgeon 
cuts  down  on  the  outer  aspect  of  the  tendon,  this  structure  is  made  to 
stand  well  out  in  relief  by  attempting  to  extend  the  knee,  and  the  tendon 
is  readily  defined  and  cleared  owing  to  its  large  size.  It  is  then  easy 
to  make  certain  that  the  nerve  is  not  endangered,  and  the  tendon  can 
be  divided  with  a  scalpel,  either  transversely  or  obliquely.  The  finger 
introduced  into  the  wound  then  defines  any  tense  bands  of  fascia  in 
the  neighbourhood,  especialy  the  ilio-tibial  band  which  lies  above  and 
parallel  to  the  biceps  tendon.  These  are  then  divided  through  the 
same  incision  by  pulling  the  skin  edge  to  one  side.  This  would  not 
be  permissible  in  the  subcutaneous  operation  as  numerous  articular 
vessels,  as  well  as  the  peroneal  nerve,  would  be  endangered.  In  the 
open  operation,  however,  the  vessels  can  be  secured  immediately  they  are 
divided. 

Division   of   the   semimembranosus   and    semitendinosus 

tendons.  These  two  tendons  form,  with  the  sartorius  and  gracilis,  the 
inner  boundary  of  the  popliteal  space.  The  semitendinosus  is  smaller 
and  more  superficial,  and  is  also  placed  rather  nearer  to  the  middle  line 
of  the  popliteal  space  than  the  semimembranosus :  the  latter  is,  however, 
the  largest  of  the  hamstrings.  The  gracilis  and  sartorius  are  more 
laterally  placed  and  are  superficial,  and  their  tendons  are  not  so  easily 
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felt.  These  tendons  may  require  division  in  the  same  affections  as 
division  of  the  biceps  is  practised  for,  and  this  is  usually  done  at  the 
corresponding  spot  on  the  opposite  side  of  the  popliteal  space.  In  the 
case  of  these  two  tendons  there  is  not  the  same  strong  objection  to  sub- 
cutaneous division  if  a  simple  tenotomy  has  to  be  performed,  but  even 
here  it  is  better  to  employ  the  open  method,  as  by  it  fascial  bands  are 
easily  detected  and  divided.  If  the  subcutaneous  method  be  adopted, 
the  tenotome  should  be  introduced  beneath  the  tendons  and  made  to  cut 
towards  the  skin.  The  steps  of  the  open  operation  resemble  that  for 
division  of  the  biceps. 

DIVISION  OF  THE  STERNO-MASTOID   (WRY-NECK) 

Indicationsr  (i)  Division  of  the  muscle  just  above  its  origin  from 
the  clavicle  and  the  sternum  is  practised  for  the  cure  of  permanent  wry- 
neck arising  in  early  infancy.  As  a  rule  the  two  heads  of  origin  of 
the  muscle  are  affected  unequally,  the  sternal  portion  being  most  con- 
tracted and  becoming  converted  into  a  firm  fibrous  cord  which  stands 
out  boldly  beneath  the  skin.  The  shortening  is  due  to  the  conversion 
of  one  or  both  heads  of  the  muscle  into  fibrous  tissue.  The  condition 
is  therefore  different  to  that  of  talipes  due  to  infantile  paralysis;  there 
the  contraction  occurs  in  the  healthy  muscle,  while  in  wry-neck  it  is  the 
damaged  one  that  undergoes  contraction.  The  damage  is  usually  the 
result  of  injury  during  child-birth  or  it  may  follow  a  giunmatous  infil- 
tration later  in  life. 

(ii)  The  muscle  is  sometimes  divided  in  the  course  of  other  opera- 
tions, such  as  ligature  of  the  innominate  artery  (see  p.  496). 

Surgical  anatomy.  Division  of  the  sterno-mastoid  tendon  is  fraught 
with  more  danger  to  important  structures  than  is  the  case  with  any  other 
tenotomy  usually  practised.  Three  important  veins  are  found  in  close 
connexion  with  it ;  close  to  its  deep  surface  lies  the  internal  jugular  just 
where  it  joins  the  subclavian  to  become  the  innominate;  the  external 
jugular  lies  close  behind  its  posterior  border  just  before  it  pierces  the 
deep  fascia  to  join  the  subclavian  vein;  and  the  anterior  jugular  crosses 
its  inner  margin  and  passes  behind  it.  Another  important  point  has 
also  to  be  remembered  in  connexion  with  this  operation;  the  sterno- 
mastoid  lies  in  a  separate  sheath  of  the  deep  cervical  fascia,  and  this 
sheath  is  stout  and  often  becomes  firmly  contracted  also,  so  that  it 
requires  free  division  before  the  deformity  can  be  satisfactorily  rectified. 
Division  of  the  cervical  fascia  cannot  be  carried  out  subcutaneously 
without  risk  of  wounding  one  or  more  of  the  veins  above  mentioned, 
and  therefore  the  subcutaneous  operation  is  one  of  great  hazard  and 
uncertainty.     It  should  be  abandoned  in  favour  of  the  open  operation, 
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which  can  be  done  with  the  minimum  of  risk  and  with  the  certainty 
that  by  its  means  alone  proper  division  of  all  the  contracted  structures 
can  be  effected  safely.  The  subcutaneous  operation  will  therefore  not 
be  described. 

Operation.  The  patient  lies  with  the  head  thrown  slightly  back  and 
the  chin  turned  to  the  affected  side;  a  small  sand-bag  placed  beneath  the 
root  of  the  neck  is  the  best  way  to  put  the  tight  muscle  fully  on  the 
stretch.    The  breathing  must  be  unembarrassed  so  that  there  shall  be  no 


Fig.  253,  Incision  for  Division  of  tbe  Ster no- mastoid.  This  incision 
gives  ample  room  for  either  transverse  or  oblique  division  of  the  muscle  and  at 
the  same  time  does  not  gape  after  the  operation  and  leaves  an  inconspicuous  scar. 

venous  engorgement,  otherwise  the  bulging  of  the  large  veins  at  the  root 
of  the  neck  renders  the  operation  dangerous. 

Several  different  incisions  may  be  used  to  expose  the  tendon.  The 
one  that  I  have  found  the  most  convenient  on  the  whole  is  that  shown 
in  Fig.  253,  passing  obliquely  across  the  lower  end  of  the  sterno-mastoid 
from  above  downwards  and  inwards,  from  the  posterior  to  the  anterior 
margins  of  the  muscle,  and  terminating  just  above  the  sternal  notch. 
Through  this  incision  the  whole  area  involved  in  the  operation  can  be 
easily  reached,  and  the  resulting  wound  can  be  sutured  without  leaving 
any  noticeable  scar,  a  matter  of  some  moment  when  the  patient  is  a  girl. 

The  skin  and  platysma  are  divided,  and  the  margins  of  the  shortened 
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muscle  are  defined.  Its  anterior  surface  is  then  cut  across  transversely 
by  steady  strokes  of  the  point  of  the  knife,  cutting  from  the  superficial 
to  the  deep  aspect  of  the  tendon.  There  is  no  need  to  divide  the  muscle 
obliquely,  as  union  between  the  divided  ends  is  not  required  unless  the 
entire  muscle  has  to  be  divided;  in  that  case  the  incision  through  the 
tendon  should  coincide  with  that  through  the  skin,  and  then,  when  the 
divided  ends  have  retracted,  their  extreme  ends  will  just  touch  and  may 
be  sutured  (see  p.  654). 

As  the  division  approaches  completion,  a  gap  appears  in  the  tendon 
and  a  careful  look-out  must  be  kept  for  the  big  veins  which  come  into 
view  in  their  sheath  of  fascia  after  the  tendon  has  been  divided.  Thev 
can  always  be  seen  before  there  is  any  risk  of  wounding  them,  and  it 
is  a  far  better  plan  to  divide  the  tendon  from  before  backwards  by 
cautious  strokes  of  the  knife  as  described  above,  than  to  attempt  to  run 
a  director  between  the  tendon  and  the  veins,  which  might  lead  to  a 
wound  of  the  latter  as  the  director  passes  across  behind  the  tendon. 

All  the  contracted  part  of  the  stemo-mastoid  should  be  divided, 
whether  it  be  one  head  or  both,  and  when  this  is  done  the  finger  is 
introduced  into  the  gap  between  the  ends  whilst  the  assistant  puts  the 
sterno-mastoid  fully  on  the  stretch,  and  any  tight  bands  of  fascia  arc 
defined  and  cautiously  nicked  with  the  point  of  a  fine  knife.  This  is 
the  really  dangerous  part  of  the  operation,  as  the  tight  fascial  bands 
are  frequently  derived  from  the  sheath  of  the  internal  jugular  vein, 
and  the  latter  structure  may  have  to  be  laid  bare  for  some  distance 
before  all  the  tight  structures  have  been  divided.  It  is,  however,  essential 
to  the  success  of  the  operation  that  this  should  be  done  satisfactorily, 
as  otherwise  the  neck  cannot  be  straightened  properly.  In  all  advanced 
cases,  especially  in  children  who  have  been  allowed  to  reach  the  age  of 
twelve  years  or  more,  it  will  be  found  that  the  sheaths  of  the  common 
carotid  artery  and  the  internal  jugular  vein  are  markedly  contracted. 

When  the  surgeon  has  satisfied  himself  that  all  resisting  structures 
have  been  divided,  the  wound  is  closed  with  a  few  points  of  fine  horse- 
hair, with  Michel's  sutures  or,  still  better,  by  means  of  a  sub-cuticular 
stitch  which  gives  rise  to  the  minimum  amount  of  scar.  Before  the 
wound  is  closed,  all  bleeding  must  be  arrested,  and  the  patient  should 
be  allowed  to  come  almost  round  from  the  anaesthetic;  this  allows 
coughing  or  vomiting  to  occur,  and  so  tests  whether  any  of  the  venous 
branches  are  oozing;  every  bleeding  point  must  be  tied,  as  otherwise  a 
very  unpleasant  hsematoma  is  likely  to  occur.  A  firm  dressing  is  placed 
over  the  wound  and  tightly  bandaged  on  so  as  to  obliterate  the  small 
cavity  left  at  the  seat  of  division.  The  patient  is  put  back  to  bed  and 
the  head  is  fixed  so  as  to  extend  the  contracted  structures  to  the  utmost; 
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that  is  to  say,  the  head  is  turned  with  the  chin  towards  the  affected 
shoulder  and  the  occiput  towards  the  opposite  side.  It  is  kept  in  this 
position  by  sand-bags  or  by  a  suitable  head-splint. 

After-treatment,  After  the  wound  has  healed,  the  patient  will  require 
treatment  for  the  purpose  of  keeping  the  muscle  on  the  stretch.  This 
may  be  done  partly  by  means  of  exercises  in  which  the  head  is  rotated 
actively  or  passively  so  as  to  stretch  the  aflfected  muscle,  and  partly  by 
wearing  an  apparatus  which  pulls  the  head  mechanically  into  such  a 
position  as  to  put  the  muscle  on  the  stretch ;  the  apparatus  may  be  worn 
at  night,  whilst  the  exercises  suffice  for  the  day.  If  the  apparatus  has 
to  be  worn  during  the  day,  as  may  be  the  case  in  severe  degrees  of 
the  deformity,  it  need  only  be  worn  for  the  first  six  or  eight  weeks; 
after  this  time  it  should  be  worn  at  night  for  two  or  three  months.  The 
after-results  are*usually  good,  and  if  the  operation  be  done  before  the 
well-marked  hemi-atrophy  of  the  face  has  occurred,  there  may  be  little 
to  show  that  the  trouble  has  ever  existed.  Much  patience  is  required  in 
the  after-treatment,  however. 

MYOMECTOMY.  (MIKULICZ'S  OPERATION) 

American  surgeons  are  strongly  in  favour  of  excision  of  a  portion 
of  the  contracted  tissue.  The  same  incision  as  described  above  may  be 
used.  Through  this  the  lower  two-thirds  of  the  sterno-mastoid  is  ex- 
cised, i.e.  up  to  the  point  at  which  the  spinal  accessory  nerve  passes 
through  the  muscle.  After  this  excision  the  wound  is  closed  and  the 
head  held  by  plaster  casts  in  such  a  position  as  to  separate  the  mastoid 
process  and  the  sterno-clavicular  joint  most  widely.  This  cast  should 
be  replaced  from  time  to  time,  and  the  treatment  continued  for  from 
two  weeks  to  two  months,  varying  with  the  extent  of  the  bony  changes  in 
the  spinal  column,  the  persistence  of  the  habit  of  holding  the  head  in  the 
improper  position,  and  the  intractability  of  the  patient  due  to  age  or 
mental  state. 

Kanavel  has  described  his  method  of  treating  these  cases.  It  con- 
sists in  the  excision  of  muscle  and  contracted  fascia,  as  described  above, 
followed  by  the  insertion  of  a  free  transplant  of  fat,  taken  from  the 
abdomen  or  some  fatty  area.  The  transplant  averages  in  size  about  one- 
half  inch  in  thickness,  an  inch  in  width,  and  three  to  four  inches  in  length. 
This  entirely  occupies  the  space  left  after  the  excision  of  tissue.  The 
wound  is  closed  tightly.  The  insertion  of  the  fat  restores  the  symmetry 
of  the  neck  and  permits  the  after-treatment  of  the  patient  without  casts 
or  other  retentive  apparatus. 

The  patient  is  instructed  to  carry  the  head  in  an  over-corrected  posi- 
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tion,  to  take  over-correcting  exercises  morning  and  night  in  front  of  a 
mirror  for  fifteen  minutes  each  day.  If  the  patient  is  too  young  to  do 
this,  the  manoeuvres  are  carried  out  by  the  parents. 

SPASMODIC  WRY-NECK 

In  spasmodic  wry-neck,  the  operation  of  choice  is  the  division  of  the 
spinal  accessory  nerve.     The  nerve  emerges  from  the  jugular  foramen, 
passing  downward  and  backward  between  the  digastric  muscle  and  the 
jugular  vein,  pierces  the  sterno-mastoid  muscle  and  proceeds  across  the 
posterior  triangle  to  the  trapezius. 
Make  an  incision  three  inches  long 
from  a  point  just  below  the  mastoid- 
process  and  running  along  the  ante- 
rior border  of  the  sterno-mastoid. 
Expose  the  muscle  and  divide  the 
fascia. 

The  muscle  should  then  be  re- 
tracted and  the  transverse  process 
of  the  atlas  located  under  the  digas- 
tric muscle.  The  nerve  passes  be- 
tween the  process  and  the  digastric, 
emerging  from  beneath  the  muscle 
to  enter  the  sterno-mastoid.  The 
nerve  thus  exposed  can  be  cut  or  a 
i  portion  excised  and  the  wound 
f     closed. 

■*  Division  of  the  posterior  nerve- 

Fig.  254.  Photocbaph  of  Patient  roots  of  the  cervical  nerves  can  be 
WITH  Wry-neck  before  Operation,  done  in  very  severe  cases,  the  object 
See  Fig.  255.    (KanaveL)  being   to   paralyse   the   muscles  in- 

volved. When  the  head  is  turned 
and  extended  the  sterno-mastoid  and  trapezius  of  the  affected  side  should 
be  paralysed,  and  the  splenius  capitis,  rectus  capitis,  complexus,  superior 
and  inferior  oblique,  posticus  major,  and  trachelo-mastoid  of  the  op- 
posite side  paralysed, 

Robert  Kennedy  (British  Medical  Journal,  October  3,  1908)  has 
outlined  a  method  of  approaching  the  cer\'ical  nerves  which  gives  a  very 
satisfactory  exposure;  an  incision  is  made  three  to  four  inches  long 
midway  between  the  external  occipital  protuberance  and  the  external 
ear,  extending  downward  from  one-half  inch  above  the  superior  curved 
line;  expose  the  posterior  edge  of  the  sterno-mastoid  and  behind  the 
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sterno-mastoid  the  oblique  fibres  of  the  splenius  capitis  will  be  seen,  care 
being  taken  to  avoid  the  spinal  accessory  nerve.  The  splenius  capitis 
is  then  divided  with  its  subjacent  connective  tissue,  exposing  below  the 
trachelo-mastoid's  oblique  fibres,  and  above,  the  longitudinal  fibres  of  the 
complexus.  The  upper  part  of  the  wound  is  crossed  by  the  occipital 
vessels,  which  form  a  triangle  with  the  complexus  and  trachelo-mastoid ; 
deep  down  in  this  triangle  lies  the  superior  oblique  muscle.    Then  follow 


Fig.  255.  Photograph  of  Patient  showing  Result  after  Insertion  of 
Muscle  Transplantation  of  Fat,  and  tbeated  without  any  retentive 
Apparatus.  Patient  trained  to  use  passive  movements.  (See  Fig,  254) 
{Kanavel.) 

the  complexus  to  its  highest  point  of  origin,  which  is  the  third  cervical 
articular  process;  detach  this  from  the  third  and  fourth  processes,  retract 
the  trachelo-mastoid  and  complexus,  and  observe  several  nerves  entering 
the  deep  surface  of  the  latter.  The  largest  is  the  great  occipital  or 
internal  branch  of  the  posterior  primary  division  of  the  second  cervical, 
and  this  pierces  the  complexus  about  the  level  of  the  lower  edge  of  the 
lobe  of  the  ear.  Above  the  point  at  which  this  nerve  enters  the  com- 
plexus a  slender  branch  can  be  seen  entering  the  muscle  and  can  be  traced 
back  to  the  posterior  primary  division  of  the  first  cervical  nerve.  The 
latter,  however,  is  best  found  by  tracing  out  the  slender  branch  of  com- 
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munication  with  the  second  posterior  primary  division,  which  as  a  rule 
is  present,  passing  upward  from  the  second  division  across  the  inferior 
oblique.  In  order  to  deal  satisfactorily  with  the  sub-occipital  nerve  this 
communicating  branch  should  be  found  early  if  possible  and  traced  up- 
ward to  the  first  division  which  lies  between  the  vertebral  artery  and  the 
arch  of  the  atlas. 

An  imperfect  result  will  be  obtained  of  course  unless  the  first  division 
is  accounted  for.     The  third  division  can  be  reached  by  following  down 
the  short  communicating  branch  from  the  second  division.     The  fourth 
and  fifth  divisions  will  be  found  passing  downward  and  backward  close 
to  the  vertebrae.     The  nerves  from  the  second  downwards  should  be 
isolated  to  the  point  of  separation  into  anterior  and  posterior  primary 
divisions  and  no  further.     Care  should  be  taken  that  no  undue  traction 
is  put  upon  the  anterior  primary  division,  thus  damaging  it.     The  first 
nerve  is  sectioned  just  proximal  to  its  branches  and  the  others  near  their 
point  of  separation  from  the  anterior  primary  division.     In  the  majority 
of  cases  the  distal  portions  of  the  nerves  are  excised  as  far  as  possible- 
Kennedy   further  suggests,   in  acute  cases  of   spasm  which  resist 
palliative  treatment,  temporary  paralysis  of  the  muscle  by  dividing  and 
immediately  suturing  the  spinal  accessory  of  one  side  and  the  posterior 
primary  divisions  of  the  opposite  side.     The  result  is  a  partial  degenera- 
tion of  the  affected  muscles  which  later  regenerate  and  resume  their 
functions. 

Dangers  and  difficulties.  These  have  been  sufficiently  indicated  in 
the  description  of  the  operation;  practically  the  only  one  of  any  impor- 
tance is  a  wound  of  one  of  the  important  veins  in  the  vicinity  of  the 
muscle  at  the  point  of  section.  This  accident  is  very  serious  in  this 
particular  situation  as,  owing  to  the  influence  of  respiration  and  to  the 
position  of  the  veins,  there  is  a  great  risk  of  air  being  drawn  in  through 
any  puncture  made  in  their  wall,  with  the  usually  serious  and  probably 
fatal  result.  The  accident,  however,  should,  never  occur  if  proper  care 
be  taken  to  look  out  for  the  veins  as  the  muscle  is  divided,  and  par- 
ticularly if  care  be  taken  never  to  proceed  with  the  division  of  the  muscle 
or  tight  structures  as  long  as  the  patient  is  coughing  or  the  big  veins  arc 
congested.  Should  the  vein  be  wounded,  the  surgeon  should  at  once 
put  his  finger  upon  the  hole,  so  as  to  prevent  the  ingress  of  air;  it  may 
then  be  easy  to  pick  up  the  wound  in  the  wall  of  the  vtin  and  apply  a 
lateral  ligature  to  it  which  is  quite  efficient  and  which  does  not  interfere 
with  the  circulation  through  the  vessel.  The  vein  will  hardly  ever  be 
so  badly  wounded  as  to  require  complete  ligature  or  even  suture  of 
its  walls. 
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TENDON  SUTURE 

An  operation  for  uniting  the  divided  ends  of  a  tendon  may  be  called 
for  under  the  following  circumstances: — 

(i)  Soon  after  the  tendon  has  been  divided  or  ruptured  and  before 
the  cut  edges  have  had  time  to  undergo  any  marked  changes.  This  form 
of  tendon  suture  is  commonly  known  as  '  immediate '  or  *  primary ' 
suture  in  contradistinction  to     , 

(2)'  Those  cases  in  which  union  is  not  practised  until  a  considerable 
period  has  elapsed  after  the  occurrence  of  the  accident;  in  the  meanwhile 
the  ends  have  undergone  definite  changes.  This  is  commonly  known  as 
'  remote '  or  *  secondary  '  suture. 

PRIMARY  TENDON  SUTURE 

Indications,  (i)  Among  the  cases  that  most  frequently  require 
primary  suture  are  those  in  which  the  wrist  tendons  are  divided  by 
accidentally  thrusting  the  hand  through  a  pane  of  glass  and  thereby 
dividing  the  flexor  tendons;  division  of  the  flexor  or  extensor  tendons 
of  the  fingers  by  a  knife  is  klso  of  common  occurrence. 

(ii)  Immediate  tendon  suture  is  necessary  when  a  tendon  has  been 
divided  accidentally  or  designedly  during  the  course  of  an  operation  and 
the  ends  have  to  be  brought  together  before  its  termination. 

(iii)  Some  form  of  tendon  suture  has  also  to  be  employed  in  the 
operation  for  tendon  transplantation  (see  p.  660). 

(iv)  In  subcutaneous  rupture  of  a  tendon  the  ends  should  be  sutured 
when  the  gap  between  them  is  large  and  the  muscle  concerned  is  an 
important  one. 

(v)  After  amputations  of  the  fingers  it  may  be  necessary  to  join  the 
flexor  and  extensor  tendons  together  in  order  to  retain  the  movements 
of  the  fingers. 

The  particular  method  of  operation  adopted  for  tendon  suture  will 
vary  according  as  the  divided  ends  of  the  tendon  can  be  made  to  meet 
or  not.  In  the  former  case  all  that  is  required  is  the  best  method  of 
fastening  the  ends  together  under  the  circumstances;  i.e.  the  operation 
is  a  simple  tendon  suture.  In  the  second  case,  however,  some  form  of 
tendon-lengthening  or  tenoplasty  will  be  a  necessary  preliminary  to  the 
suture  in  order  to  approximate  the  ends  sufficiently  to  suture  them 
together.  Tenoplasty  or  tendon-lengthening  is  often  required  in  cases 
of  secondary  suture,  but  is  only  called  for  in  cases  of  primary  suture 
when  portions  of  the  tendon  have  been  destroyed  by  the  accident,  e.g.  a 
gunshot  wound  may  carry  away  a  portion  of  the  tendon  completely  or 
so  destroy  it  as  to  render  it  useless  for  suture  purposes.    As  the  steps 
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of  the  operation  vary  according  to  whether  the  suture  is  primary  or 
secondary,  the  two  operations  will  be  descril^ed  separately. 

There  are  three  ways  in  which  tendons  can  be  united  to  one  another ; 
they  are : — 

( 1 )  End-to-end  union. 

(2)  Side-to-side  union. 

(3)  Lateral  implantation. 

Of  these  the  end-to-end  method  is  the  one  almost  invariably  employed. 
It  has  the  advantages  that  it  does  not  shorten  the  tendon  and  that  it  is 
the  method  least  calculated  to  alter  its  contour,  a  point  of  some  impor- 
tance when  the  latter  runs  in  a  definite  groove  or  sheath. 

The  side-to-side  method  of  anastomosis  is  excellent  from  the  point  of 
view  of  the  strength  of  the  anastomosis,  but  it  has  the  great  disadvan- 
tage that  it  causes  a  pronounced  bulging  at  the  seat  of  the  anastomosis, 
and  of  course  it  also  shortens  the  tendon  to  some  extent.  It  is  there- 
fore chiefly  used  when  there  is  a  certain  amount  of  slack  in  the  tendon 
which  can  be  safely  taken  up. 

The  implantation  method  is  only  used  for  tendon-grafting;  it  is 
peculiarly  useful  there,  as  by  its  means  an  absolutely  firm  union  can  be 
made  that  will  stand  considerable  strain  without  any  risk  of  separation. 

Operation.  After  the  wound  has  been  sterilized  and,  if  necessary, 
opened  up  sufficiently  to  allow  easy  access  to  the  divided  tendons,  the 
surgeon  identifies  the  ends  and  secures  them  with  catch  forceps  in  order 
to  steady  them  during  the  act  of  suturing.  Any  bruised  tissues  should 
be  clipped  away  when  the  wound  is  purified,  so  that  there  shall  be  no 
danger  of  sepsis  occurring.  In  recent  cases  there  is  often  some  difficulty 
in  defining  the  proximal  end,  as  the  muscle  to  which  it  is  attached 
retracts  to  some  extent  and  so  widens  the  gap  between  the  two  ends. 
This,  however,  is  not  a  serious  difficulty,  as  the  wound  can  be  enlarged 
to  any  desired  extent  when  the  patient  is  under  the  anaesthetic.  The 
chief  trouble  is  in  the  palm,  where  there  may  be  difficulty  in  finding  both 
distal  and  proximal  ends.  As  a  rule  the  distal  end  is  found  fairly  easily, 
as  it  does  not  retract,  but  in  the  case  of  the  finger  tendons,  especially 
when  they  are  divided  in  the  palm,  even  the  distal  ends  may  be  retracted 
out  of  sight  if  the  tendons  happen  to  be  divided  when  the  fingers  are 
flexed ;  as  the  patient  extends  the  fingers  the  distal  end  of  the  tendon  is 
pulled  up  out  of  sight  into  the  tendon  sheath.  Should  this  happen,  pass 
a  probe  along  the  tendon  sheath  down  to  the  site  of  the  retracted  end. 
make  an  incision  into  the  sheath  at  this  point,  tie  the  tendon  to  the  probe 
end,  and  then  draw  the  tendon  along  the  uncut  sheath  to  the  distal  cut 
end.  After  union  has  been  effected  the  sheath  is  sutured  over  the  united 
tendon. 
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It  may  be  possible  to  bring  the  divided  proximal  end  into  view  by 
squeezing  down  the  muscles  of  the  forearm  and  firmly  flexing  the  wrist. 
Should  this  prove  unavailing,  however,  it  will  be  best  to  expose  the 
tendon  sheaths  above  the  annular  ligament,  when  the  tendons  can  be 
identified  and  either  pushed  down  into  the  palm  or  pulled  down  by  means 
of  sinus  forceps  pushed  up  from  the  palmar  wound.  When  the  wound 
is  at  the  wrist,  however,  there  is  little  difficulty  in  defining  both  the 
divided  ends  after  enlarging  the  wound. 

In  a  case  of  subcutaneous  rupture  of  a  tendon,  the  gap  between  the 
divided  ends  should  be  exposed  by  a  curved  incision  whereby  a  flap  is 
raised,  so  that  the  resulting  scar  does  not  lie  over  the  united  ends  of  the 
tendon  and  there  is,  therefore,  no  risk  of  adhesion  subsequently. 

Sabtring  the  tendons*  As  a  rule  no  previous  preparation  or  paring 
of  the  edges  is  necessary,  as  in  the  majority  of  cases  the  tendon  will 
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Fig.  256.  Methods  of  Simple  Tendon  Suture,  a  shows  the  usual  method 
described  in  the  text.  In  b  a  constricting  suture  around  each  end  prevents  the 
vertical  sutures  from  cutting  out.  c  shows  the  mattress  suture  for  flat  tendons ; 
here  the  ends  overlap. 

have  been  cleanly  divided  by  a  knife  or  other  sharp  instrument;  if, 
however,  the  ends  are  ragged,  as  they  may  be  if  the  rupture  be  a  sub- 
cutaneous one,  the  edges  should  be  trimmed  with  sharp  scissors,  and,  if 
this  has  to  be  done,  the  line  of  section  should  be  made  as  oblique  as 
possible  without  sacrificing  an  unnecessary  amount  of  tissue.  The  ends 
secured  in  forceps  are  brought  into  apposition  ready  for  suture. 

(i)  Lateral  sutures.  It  serves  no  useful  purpose  to  pass  the  sutures 
through  the  whole  thickness  of  each  divided  end  and  then  simply  to  tie 
them  together ;  the  sutures  cut  their  way  out  between  the  parallel  bundles 
of  fibrous  tissue  and  only  fray  out  the  end  of  the  tendon.  In  order 
to  get  a  union  that  will  stand  the  necessary  strain,  some  means  must  be 
adopted  for  getting  a  firm  hold  on  the  tendon,  so  that  the  ends  can  be 
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fastened  together  without  fear  of  the  muscular  movements  tearing  out 
the  sutures.  The  best  way  to  do  this  in  my  experience  is  by  means  of 
lateral  ligatures  (see  Fig.  256). 

These  lateral  sutures  are  passed  as  follows: — 

A  fully  curved  intestinal  needle  threaded  with  medium-sized  catgut  is 
made  to  pick  up  a  small  thickness  of  the  tendon  by  introducing  it  trans- 
versely to  its  long  axis  about  a  quarter  of  an  inch  above  the  cut  end. 
The  tendinous  bundles  thus  picked  up  are  secured  by  knotting  the  suture 
firmly,  and  a  similar  suture  is  introduced  and  tied  at  a  corresponding 
point  in  the  tendon  on  the  opposite  side  of  the  gap.  It  will  be  found  that 
the  two  ligatures  can  be  tied  firmly  together,  and  there  will  be  no  risk 
of  their  being  pulled  off  the  tendon  to  which  they  are  attached.  Two, 
three,  or  four  of  these  sutures  are  applied  according  to  the  size  of  the 
tendon,  and  they  are  reinforced  if  necessary  by  sutures  of  the  finest 
catgut,  which  adapt  the  edges  accurately  after  the  lateral  sutures  have 
taken  off  the  tension.  It  is  important  to  bring  the  tendon  ends  into  appo- 
sition before  the  sutures  are  inserted,  so  as  to  make  sure  that  each  suture 
on  the  proximal  side  lies  opposite  to  its  corresponding  suture  on  the 
distal  portion :  otherwise  the  tendon  may  be  twisted  upon  itself. 

(2)  The  mattress  suture.  This  is  an  excellent  method  for  uniting 
thin  flat  tendons,  such  as  the  extensors  of  the  wrist.  It  gives  a  very  firm 
union  without  much  extra  tension.  The  chief  objection  to  the  method 
is  that  there  is  a  slight  bulging  at  the  anastomosis,  but  this  is  unavoid- 
able in  all  thin  flat  tendons,  and  is  not  of  great  importance.  The  method 
of  passing  the  mattress  suture  is  shown  in  Fig.  256. 

The  material  for  suture  is  a  matter  of  some  little  importance,  as  it 
should  be  strong  enough  to  hold  for  some  weeks  but  should  be  eventu- 
ally absorbed ;  if  it  is  not,  it  may  cause  irritation  of  the  tissues.  Formerly 
I  employed  silkworm-gut  for  this  purpose,  but  I  found  that,  as  it  never 
becomes  absorbed,  it  sometimes  causes  irritation,  especially  in  superficial 
tendons,  and  requires  removal,  and  therefore  I  now  use  Lister's  chromi- 
cized  catgut,  which  holds  for  weeks  but  eventually  becomes  absorbed; 
I  have  never  had  any  trouble  with  this  material. 

(3)  Kanavels  method.  By  this  method  the  sutures  are  so  intro- 
duced and  tied  that  none  of  the  suture  material  appears  on  the  surface 
and  the  knot  is  between  the  ends  of  the  tendon. 

Fairly  heavy  silk,  which  has  been  smeai'ed  with  vaseline  so  as  to 
make  the  suture  slip  more  easily,  is  threaded  on  a  straight  needle.  The 
needle  is  now  passed  into  the  end  of  the  tendon  somewhat  to  one  side 
of  the  centre  and  passes  out  of  the  opposite  side  of  the  tendon  about 
one-third  inch  from  the  cut  end.  It  is  then  reinserted  at  the  same  point 
at  which  it  made  its  exit,  passing  transversely  across  the  long  axis  of  the 
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tendon  and  making  its  exit  upon  the  opposite  side  about  one-third  pf  the 
way  around,  and  is  again  reinserted  at  the  point  of  exit  coming  out  on  the 
opposite  side  at  the  other  third  of  the  circumference.  The  needle  is  again 
reinserted  at  the  same  site,  but  now  passes  down  and  out  "the  cut  end 
of  the  tendon,  not  in  the  centre  however,  so  as  to  cross  the  silk  as  origi- 
nally inserted.     The  procedure   is  repeated   with   the  other  cut  end. 


Fic.  257.  Kanavel's  Tendon  Suture.  Silk  is  so  inserted,  the  knot  being 
tied  between  the  ends  of  the  tendon,  that  none  of  the  silk  suture  appears  on  the 
surface. 


The  distal  suture  end  may  be  pulled  tight  at  once,  but  on  the  proximal  cut 
end  the  suture  is  not  pulled  tight  at  once  because  of  the  difficulty  in 
making  the  suture  sHp  easily  and  thus  approximating  the  cut  ends.  The 
thread  where  it  makes  its  exit  on  the  sides  of  the  proximal  cut  end  is 
not  pulled  tight,  but  each  of  the  three  loops  is  held  by  a  forceps.  The 
assistant  now  brings  the  ends  of  the  tendon  together  and  loop  i  is  pulled 
tight,  then  loop  2,  and  finally  loop  3.  The  free  ends  are  tied  between  the 
cut  ends  of  the  tendon.  We  thus  have  a  suture  which  if  carefully  made 
does  not  have  any  suture  material  on  the  surface  and  has  the  knot  buried 
between  the  cut  ends.  Reference  to  the  illustration  (Fig.  257)  will 
show  the  steps  of  the  procedure.  It  is  especially  valuable  in  the  finger 
where  the  sutured  ends  must  lie  in  a  tendon  sheath. 

When  accurate  suture  has  been  accomplished,  the  synovial  sheath,  if 
there  be  one,  should  be  sutured  over  the  tendon  with  the  finest  catgut. 
All  bleeding  points  should  be  stopped,  and  in  this  connexion  it  is  well 
to  remember  that  an  Esmarch  bandage  should  not  be  used  to  obtain 
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a  bloodless  field  of  operation,  as  the  success  of  the  operation  largdy 
depends  upon  obtaining  a  wound  that  is  quite  dn-;  the  long-continued 
oozing  that  goes  on  after  removal  of  an  Esmarch  bandage  militates 
greatly  against  this.  The  wound  should  be  sutured  without  a  drainage 
tube,  and  the  limb  should  be  put  up  with  the  aflFected  tendons  in  the 
relaxed  position.  Besides  the  advisability  of  this  position  from  the 
point  of  view  of  the  relief  of  tension,  it  should  be  remembered  that 
if  adhesions  occur  between  the  tendon  and  its  sheath  when  the  muscle 
is  in  the  stretched  position,  it  is  most  difficult  to  restore  movement 
subsequently,  as  it  is  impossible  to  break  down  the  adhesions  by  further 
stretching;  if,  however,  adhesions  occur  when  the  muscle  is  fully  relaxed, 
movement  under  an  anaesthetic  will  break  them  down  easily.  The  posi- 
tion should  be  maintained  if  possible  by  the  use  of  some  flexible  metal 
splint,  so  that  the  limb  can  be  extended  gradually  during  the  first  fort- 
night without  the  necessity  for  taking  it  oflF  the  splint  and  disturbing 
the  dressing. 

After-treatment*  The  wound  should  be  dressed  at  the  end  of  ten 
days,  and  the  sutures  removed.  During  this  time  the  flexion  will  be 
gradually  diminished ;  the  limb  is  brought  straight  by  the  end  of  a  fort- 
night. Massage  and  gentle  passive  movements  should  be  practised  as 
early  as  possible  and  active  movements  from  the  third  week.  No  trouble 
arises  from  the  death  of  the  small  portion  of  tissue  strangulated  by  the 
ligature;  union  is  firm  in  about  six  weeks,  and  the  patient  may  use 
the  affected  muscle  freely. 

SECONDARY  TENDON  SUTURE 

It  not  infrequently  happens  that  the  patient  does  not  come  imdcr 
the  surgeon's  notice  until  some  considerable  time  has  elapsed  since  the 
occurrence  of  the  accident,  and  this  allows  certain  permanent  changes 
to  occur  which  necessitate  rather  different  treatment.  After  the  lapse 
of  a  week  or  a  fortnight,  the  proximal  end  of  the  tendon  becomes  perma- 
nently retracted,  owing  to  the  fact  that  its  muscle,  which  is  no  longer 
kept  on  the  stretch  by  the  tension  of  its  tendon,  becomes  shortened. 
The  surgeon  is  then  faced  with  two  problems — (i)  to  find  the  divided 
ends,  and  (2)  to  overcome  the  shortening  just  referred  to  and  to  bring 
the  ends  together  without  tension. 

Finding  the  divided  ends.  This  is  less  difficult  than  it  is  to  find 
the  divided  end  of  a  nerve,  but  it  is  done  in  a  similar  manner.  It  is 
advisable  to  expose  the  parts  by  means  of  a  crescentic  incision  which 
allows  a  flap  to  be  dissected  up  so  that  the  scars  in  the  skin  and  sub- 
jacent parts  will  not  lie  over  one  another,  and  thus  the  chances  of  an 
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adherent  cicatrix  and  subsequent  loss  of  movement  are  minimized. 
When  there  is  no  sheath  to  the  tendon,  a  large  flap  is  raised  and  the 
muscular  fibres  are  traced  to  their  insertion  into  the  tendon,  which  is 
then  defined  and  prepared  for  union. 

When  there  is  a  sheath,  the  tendon  is  exposed  in  it  well  above,  the 
seat  of  the  lesion,  the  sheath  is  slit  up  in  the  middle  line  with  fine  scissors, 
and  the  tendon  is  traced  down  until  the  divided  end  comes  into  view. 
The  end,  which  is  always  adherent,  is  separated  from  the  surrounding 
structures  and  prepared  for  suturing. 

As  a  rule  little  preparation  is  needed  before  suturing,  but  when  the 
ends  have  become  rounded  or  irregular  they  may  be  freshened  by  paring 
them  with  a  sharp  knife.  This,  however,  is  not  so  important  as  in  the 
case  of  immediate  suture,  because  there  is  generally  some  considerable 
tension  on  the  ends  when  an  attempt  is  made  to  approximate  them,  and 
some  form  of  tenoplasty  will  be  required  with  the  object  of  lengthening 
the  tendon  and  so  avoiding  tension  (vide  infra). 

When  it  is  possible  to  bring  the  ends  of  the  tendon  into  apposition 
without  too  great  tension  by  simple  flexion  of  the  joints  over  which  the 
muscles  pass,  the  procedure  is  identical  in  all  respects  with  that  for 
primary  suture  (see  p.  647).  It  is,  however,  most  important  to  avoid 
tension  when  performing  tendon  suture,  as  the  contractions  of  the  muscle 
are  liable  to  cause  the  sutures  to  cut  out;  therefore,  when  there  is  any 
marked  tension,  it  is  better  to  have  recourse  to  tenoplasty  or  tendon- 
lengthening  in  order  to  bring  the  ends  together  without  strain  (vide 
infra ) .  All  the  suture  knots  should  be  as  small  as  possible  and  so  placed 
that  they  are  out  of  the  way  of  friction.  When  the  suture  has  been 
completed,  the  sheath  should  be  united  over  the  tendon  with  a  con- 
tinuous suture  of  the  finest  catgut,  if  possible.  The  limb  is  put  up  with 
the  muscles  fully  relaxed  and  the  after-treatment  is  similar  to  that  for 
primary  suture  (see  p.  647). 

TENDON-LENGTHENING 

Indications.     The  operation  of  tendon-lengthening  may  be  required — 

(i)  As  an  adjunct  to  division  of  tendons  which  run  in  synovial 
sheaths  in  a  contracted  limb. 

(ii)  As  a  substitute  for  tenotomy  when  the  gap  left  after  it  would 
be  so  great  as  to  make  successful  union  doubtful. 

(iii)  In  some  cases  of  secondary  tendon  suture  where  there  is  con- 
siderable tension  upon  the  divided  ends. 

Operations.  A  number  of  ingenious  methods  have  been  devised  for 
lengthening  a  tendon,  but  the  following  may  be  regarded  as  the  most 
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a  blQodless  field  of  operation,  as  the  success  of  the  operation  largely 
depends  upon  obtaining  a  wound  that  is  quite  dry;  the  long-continued 
oozing  that  goes  on  after  removal  of  an  Esmarch  bandage  militates 
greatly  against  this.  The  wound  should  be  sutured  without  a  drainage 
tube,  and  the  limb  should  be  put  up  with  the  affected  tendons  in  the 
relaxed  position.  Besides  the  advisability  of  this  position  from  the 
point  of  view  of  the  relief  of  tension,  it  should  be  remembered  that, 
if  adhesions  occur  between  the  tendon  and  its  sheath  when  the  muscle 
is  in  the  stretched  position,  it  is  most  difficult  to  restore  movement 
subsequently,  as  it  is  impossible  to  break  down  the  adhesions  by  further 
stretching;  if,  however,  adhesions  occur  when  the  muscle  is  fully  relaxed, 
movement  under  an  anaesthetic  will  break  them  down  easily.  The  posi- 
tion should  be  maintained  if  possible  by  the  use  of  some  flexible  metal 
splint,  so  that  the  limb  can  be  extended  gradually  during  the  first  fort- 
night without  the  necessity  for  taking  it  off  the  splint  and  disturbing 
the  dressing. 

After-treatment.  The  wound  should  be  dressed  at  the  end  of  ten 
days,  and  the  sutures  removed.  During  this  time  the  flexion  will  be 
gradually  diminished ;  the  limb  is  brought  straight  by  the  end  of  a  fort- 
night. Massage  and  gentle  passive  movements  should  be  practised  as 
early  as  possible  and  active  movements  from  the  third  week.  No  trouble 
arises  from  the  death  of  the  small  portion  of  tissue  strangulated  by  the 
ligature;  union  is  firm  in  about  six  weeks,  and  the  patient  may  use 
the  affected  muscle  freely. 


SECONDARY  TENDON  SUTURE 

It  not  infrequently  happens  that  the  patient  does  not  come  under 
the  surgeon's  notice  until  some  considerable  time  has  elapsed  since  the 
occurrence  of  the  accident,  and  this  allows  certain  permanent  changes 
to  occur  which  necessitate  rather  different  treatment.  After  the  lapse 
of  a  week  or  a  fortnight,  the  proximal  end  of  the  tendon  becomes  perma- 
nently retracted,  owing  to  the  fact  that  its  muscle,  which  is  no  longer 
kept  on  the  stretch  by  the  tension  of  its  tendon,  becomes  shortened. 
The  surgeon  is  then  faced  with  two  problems — (i)  to  find  the  divided 
ends,  and  (2)  to  overcome  the  shortening  just  referred  to  and  to  bring 
the  ends  together  without  tension. 

Finding  the  divided  ends.  This  is  less  difficult  than  it  is  to  find 
the  divided  end  of  a  nerve,  but  it  is  done  in  a  similar  manner.  It  is 
advisable  to  expose  the  parts  by  means  of  a  crescentic  incision  which 
allows  a  flap  to  be  dissected  up  so  that  the  scars  in  the  skin  and  sub- 
jacent parts  will  not  lie  over  one  another,  and  thus  the  chances  of  an 
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adherent  cicatrix  and  subsequent  loss  of  movement  are  minimized. 
When  there  is  no  sheath  to  the  tendon,  a  large  flap  is  raised  and  the 
muscular  fibres  are  traced  to  their  insertion  into  the  tendon,  which  is 
then  defined  and  prepared  for  union. 

When  there  is  a  sheath,  the  tendon  is  exposed  in  it  well  above,  the 
seat  of  the  lesion,  the  sheath  is  slit  up  in  the  middle  line  with  fine  scissors, 
and  the  tendon  is  traced  down  until  the  divided  end  comes  into  view. 
The  end,  which  is  always  adherent,  is  separated  from  the  surrounding 
structures  and  prepared  for  suturing. 

As  a  rule  little  preparation  is  needed  before  suturing,  but  when  the 
ends  have  become  rounded  or  irregular  they  may  be  freshened  by  paring 
them  with  a  sharp  knife.  This,  however,  is  not  so  important  as  in  the 
case  of  immediate  suture,  because  there  is  generally  some  considerable 
tension  on  the  ends  when  an  attempt  is  made  to  approximate  them,  and 
some  form  of  tenoplasty  will  be  required  with  the  object  of  lengthening 
the  tendon  and  so  avoiding  tension  (vide  infra). 

When  it  is  possible  to  bring  the  ends  of  the  tendon  into  apposition 
without  too  great  tension  by  simple  flexion  of  the  joints  over  which  the 
muscles  pass,  the  procedure  is  identical  in  all  respects  with  that  for 
primary  suture  (see  p.  647).  It  is,  however,  most  important  to  avoid 
tension  when  performing  tendon  suture,  as  the  contractions  of  the  muscle 
are  liable  to  cause  the  sutures  to  cut  out;  therefore,  when  there  is  any 
marked  tension,  it  is  better  to  have  recourse  to  tenoplasty  or  tendon- 
lengthening  in  order  to  bring  the  ends  together  without  strain  (vide 
infra).  All  the  suture  knots  should  be  as  small  as  possible  and  so  placed 
that  they  are  out  of  the  way  of  friction.  When  the  suture  has  been 
completed,  the  sheath  should  be  united  over  the  tendon  with  a  con- 
tinuous suture  of  the  finest  catgut,  if  possible.  The  limb  is  put  up  with 
the  muscles  fully  relaxed  and  the  after-treatment  is  similar  to  that  for 
primary  suture  (see  p.  647). 

TENDON-LENGTHENING 

Indications.     The  operation  of  tendon-lengthening  may  be  required — 

(i)  As  an  adjunct  to  division  of  tendons  which  run  in  synovial 
sheaths  in  a  contracted  limb. 

(ii)  As  a  substitute  for  tenotomy  when  the  gap  left  after  it  would 
be  so  great  as  to  make  successful  union  doubtful. 

(iii)  In  some  cases  of  secondary  tendon  suture  where  there  is  con- 
siderable tension  upon  the  divided  ends. 

Operations.  A  number  of  ingenious  methods  have  been  devised  for 
lengthening  a  tendon,  but  the  following  may  be  regarded  as  the  most 
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generally  useful.  In  all  cases  the  section  should  be  made  with  a  very 
sharp  knife  or  with  a  skin-grafting  razor,  and  great  care  must  be  taken 
to  keep  the  wound  aseptic,  as  very  slight  sepsis  will  lead  to  death  of  the 
portion  of  the  tendon  concerned  and  adhesion  of  the  remainder. 

( 1 )  Oblique  section.  This  is  the  simplest  plan  and  is  as  satisfactor}- 
as  any.  Its  usefulness,  however,  is  in  direct  proportion  to  the  thickness 
of  the  tendon  concerned.  When  the  latter  is  large  and  wide,  such 
as  the  tendo  Achillis,  a  very  oblique  section  can  be  employed  and  con- 
siderable lengthening  can  thus  be  obtained  (see  Fig.  258).  In  the  smaller 
tendons,  however,  only  slight  lengthening  can  be  obtained  in  this  way. 

(2)  The  ^-method.    This  is  a  very  useful  method  and  gives  a  firm 

union.  The  disadvantage,  however,  is 
that  it  requires  a  fairly  wide  tendon  for 
its  most  useful  application;  it  is  very 
suitable  in  the  tendo  Achillis,  for  in- 
stance (see  Fig.  259). 

( 3 )  Reflected  slips.  Fig.  260  shows 
how  the  slips  are  reflected  and  sutured. 
The  tendon  may  be  lengthened  by  re- 
flecting a  slip  from  one  end  alone  or 
from  both;  in  the  latter  case  consider- 
able lengthening  can  be  obtained.  This 
method  gives  a  rather  weak  union,  but 
it  has  the  advantage  that  a  gap  of 
almost  any  size  can  be  bridged  over  by 
means  of  it;  the  reflected  slips  must 
be  regarded  more  as  a  conducting  than 
as  an  actual  uniting  medium.  The 
union  can  be  reinforced  by  bridging  the 
gap  across  with  one  or  two  strands  of 
catgut  (see  Fig.  261). 

(4)  Hibbs's  method.  Dowd  {An- 
nals of  Surgery,  1906,  vol.  xliii,  p  280) 

quotes  the  following  simple  method  of  lengthening  a  tendon  from  Hibbs, 
whose  account  originally  appeared  in  the  American  Medical  News, 
April  21,  1900.  It  can,  of  course,  only  be  practised  satisfactorily  in  a 
broad  tendon,  and  is  especially  recommended  for  use  in  the  tendo 
Achillis.  It  can  be  done  very  rapidly,  and,  as  will  be  seen  from  Fig.  262. 
the  tendon  is  not  actually  divided  at  all  and  therefore  no  sutures  are 
absolutely  necessary.  It  is,  however,  as  well  to  surround  the  angles  of 
reflection  of  the  flaps  with  a  ligature  so  as  to  prevent  the  reflected  por- 
tion splitting  away. 


Fig.  258.  Tendon-lengthen- 
ing BY  Oblique  Suture.  The 
amount  of  lengthening  is  deter- 
mined by  the  obliquity  of  the 
suture,  which  in  turn  is  largely 
governed  by  the  width  of  the 
tendon. 


TENDON-LENGTHENING 


65s 


Fig.  259.  The  X-method  of  Tekdon-lengthening.  This  gives  a  firm 
union,  as  the  suture  is  lateral,  not  end  to  end.  It  requires  a  moderately  stout 
tendon. 


Fig.  260.  Tendon-lengthening  by  Reflected  Slips.  The  diagram  shows 
the  single  and  double  methods.  The  reflected  slips  will  be  detached  by  the  pull 
of  the  muscle  unless  they  are  secured  by  the  encircling  suture  depicted  above. 
The  method  by  which  end-to-end  union  of  the  slip  is  made  is  seen  in  Fig.  256. 


Fig.  261.    Reflected  Slips  reinforced  by  Catgut  Sutures.     The  catgut 
sutures  are  merely  used  as  a  framework,  not  to  strengthen  the  union  mechanically. 


B 


Fig.  262.  HiBBs's  Method  of  Tendon-lengthening.  The  upper  figure 
shows  the  incisions,  the  lower  one  their  effect  upon  the  tendon.  The  encircling 
ligatures  must  be  used  as  before  to  prevent  detachment. 
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(5)  Dambarn's  autoplastic  grafting  method.  This  is  an  ingenious 
plan  described  by  Dawbarn  (AHttals  of  Surgery,  vol.  xUii,  p.  305),  and  is 
suited  for  cases  of  division  of  the  flexor  tendons  in  the  fingers,  particu- 
larly those  in  which  a  portion  of  both  tendons  has  been  completely  lost 


Fic.  263.  Restoration  of  Tendon  by  Use  of  Silk  with  Fat  Transplant 
ABOUT  IT.  Both  the  flexor  sublimis  and  the  flexor  profundus  were  lost.  Resto- 
ration of  flexor  sublimis  alone.    See  Fig.  264.     (Kanavel.) 


It  is  not  used  for  simple  division,  as  one  of  the  methods  recommended 
above  will  suffice  for  that.  When,  however,  there  is  a  considerable  gap, 
Dawbarn  cuts  down  upon  the  flexor  sheath  well  above  the  seat  of  division, 
exposes  the  flexor  sublimis  and  cuts  from  it  by  an  oblique  section  a  suffi- 
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cient  amount  of  tendon  to  fill  the  gap  below.  This  portion  is  then  seized 
with  forceps  from  the  wound  below  and  is  pulled  down  into  the  gap 
between  the  two  ends  of  the  flexor  profundus;  into  this  gap  it  is  sutured 
after  the  divided  ends  of  the  profundus  have  been  cut  obliquely  to  receive 


r 


Fig.  264.  Shows  Result  after  some  Months.  Photograph  of  hand  in 
which  there  was  a  loss  of  the  flexor  sublimis  and  flexor  profundus  tendon. 
Upper  figure  represents  finger  before  operation.  The  other  photograph  shows 
various  functions  that  can  be  performed  by  patient  with  linger.  See  Fig.  263. 
(Kanavel.) 

it.  The  patient  thus  has  a  complete  flexor  profundus  tendon  whilst  the 
flexor  sublimis  is  sacrificed  (see  Fig.  267). 

(6)  Reconstruclion  of  tendons.  When  there  has  been  a  complete 
destruction  of  tendons  various  methods  have  been  used  to  replace  them, 
including  the  use  of  silk,  catgut,  fascia  lata,  etc. 

Fascia  lata  in  strips  of  suitable  size  may  be  sutured  in  position  to  take 
the  place  of  tendons,  particularly  if  they  pass  through  fatty  subcutaneous 
tissue.     Where  they  do  not,  the  best  procedure  consists  in  transplanting 
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a  fair  amount  of  adipose  tissue  with  the  fascia  lata  or,  better  yet.  making 
a  tube  of  fascia  lata  with  fat  attached  to  its  surface  and  suturing  the 
two  cut  ends  of  the  tendon  in  either  end  of  the  tube.  The  latter  method 
has  been  followed  by  good  results. 


Fig.  265.  Restoration  of  Extensor  Longus  Pollicis  by  Silk  with  F*t 
Transplant  about  it.  Over  two  inches  of  tendon  were  lost.  See  Fig-  266. 
(Kanavd.) 

Kanavel  has  reported  excellent  results  by  the  use  of  the  silk  and  free 
transplants  of  fat.  Silk  alone  in  a  loose  subcutaneous  tissue  or  fatty 
subcutaneous  tissue  will  end  in  excellent  tendon  restoration  or  function. 
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Where  conditions  are  not  ideal,  as  in  the  hand,  Kaiiavel  has  run  strands 
of  silk  between  the  separated  ends  of  the  tendon  and  wrapped  this  in  a 


Fig.  266.  Photograph  shows  various  Motions  possible  with  restored 
Tendon  as  shown  in  Fig.  265.  Complete  function  of  all  phalanges  is  present. 
(KanaveL) 

free  transplant  of  fat,  the  fat  being  sufficient  to  envelop  the  silk  com- 
pletely. The  photographs  and  drawings  show  the  technique  and  the 
results  in  clinical  cases  (Figs.  263,  264,  265.  266). 

TENDON-SHORTENING 

Indications.  A  tendon  may  require  to  be  shortened  in  cases  of 
paralysis  where  there  is  some  .slight  contractile  power  left  in  the  affected 
muscle  and  it  is  desired  to  bring  it  back  to  its  normal  length  as  soon 
as  possible.  ]t  is  called  for  most  frequently  in  cases  of  talipes 
calcaneus. 

Methods.  There  are  three  chief  methods  by  which  a  tendon  may  be 
shortened : — 

( 1 )  A  portion  may  be  excised  and  the  divided  ends  sutured  together. 

(2)  The  tendon  may  be  detached  from  its  insertion,  a  portion  re- 
moved, and  the  tendon  re-inserted,  or 

{3)  The  insertion  of  the  tendon  may  be  shifted  bodily. 

The  second  of  these  methods  is  probably  the  most  satisfactory,  as 
it  is  easier  to  secure  a  firm  fresh  attachment  of  the  tendon  to  bone  than  it 
is  to  get  satisfactory  bony  union  after  shifting  the  attachment  of  the 
tendon  bodily,  as  is  done,  for  instance,  by  sawing'  off  the  insertion  of 
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the  tendo  Achillis  into  the  os  calcis  and  reuniting  it  to  the  bone  lower 
down.  These  are  clumsy  and  difficult  operations,  whereas  it  is  quite  easy 
to  detach  the  tendon  from  its  insertion,  cut  off  the  requisite  length,  and 
re-attach  it.    The  attachment  may  be  done  in  any  way  that  seems  suit- 


Fig.  267,    Autoplastic  Tendon-grafting.     This  is  Dawbarn's  method     The 
flexor  profundus,  p,  is  repaired  by  means  of  a  portion  of  the  flexor  sublimis,  s. 

able  to  the  operator.  When  a  very  firm  hold  is  required,  a  hole  may  be 
bored  in  the  bone,  and  a  stout  silk  suture  passed  through  this  and  made 
to  fix  the  tendon.  The  limb  must  be  kept  in  the  fully  corrected  position 
for  at  least  six  weeks  afterwards,  as  otherwise  there  is  a  risk  of  the 
union  stretching.    The  nutrition  is  generally  poor  in  these  cases. 


TENDON-TRANSPLANTATION  AND  TENDON-GRAFTING 

Although  tendon-transplantation  and  tendon-grafting  differ  in  tech- 
nique, they  are  only  different  methods  of  making  a  sound  muscle  dis- 
charge the  functions  of  a  paralysed  one.  Tendon-transplantation  in  the 
strict  sense  of  the  term  means  transference  of  the  insertion  of  a  tendon 
from  one  bony  point  to  another,  while  tendon-grafting  implies  the 
implantation  of  one  tendon  into  another.  Each  method  has  its  sphere 
of  usefulness,  but  the  two  are  often  combined  in  the  same  case. 

True  tendon-grafting  may  be  of  two  kinds.  In  the  first,  the  tendon 
of  a  paralysed  muscle  is  cut  across  and  the  tendon  of  an  unparalysed 
one  is  similarly  treated.  The  proximal  end  of  the  tendon  of  the  unpara- 
lysed muscle  is  then  attached  to  the  distal  end  of  the  tendon  of  the 
paralysed  one.  In  the  second  case  the  tendon  of  the  paralysed  muscle 
is  divided  as  before  and  its  distal  end  is  implanted  into  thp  tendon  of 
an  unparalysed  muscle  or  is  joined  to  a  slip  from  that  structure.  Occa- 
sionally lateral  implantations  of  the  two  tendons  without  division  may 
be  employed  (see  Fig.  269). 

Indications.  The  assumption  of  the  functions  of  a  paralysed  muscle 
by  a  healthy  unparalysed  one  finds  its  widest  application  in  cases  of 
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infantile  paralysis.  It  is  most  useful  in  paralytic  talipes,  but  it  may 
be  employed  with  advantage  in  paralysis  affecting  the  knee,  the  elbow, 
or  the  shoulder.  It  is  often  combined  with  arthrodesis,  or  the  artificial 
production  of  an  ankylosed  joint,  and,  in  connexion  with  this  opera- 
tion, it  may  give  most  useful  results.  Thus,  a  child  who  has  a  flail- 
like lower  extremity  from  paralysis  of  most  of  the  muscles  moving 
the  knee  and  the  ankle  may  get  quite  a  useful  limb  after  the  pro- 
duction of  a  stiff  joint  in  one  of  these  articulations  and  the  judicious 
application  of  tendon-grafting  to  the  muscles  moving  the  other;  this 
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Fig.  268.  Implantation  of  Tendons,  a  shows  the  firmest  hold  that  can  be 
obtained.  One  tendon  is  split  and  the  other  is  passed  through  the  slit  and  wrapped 
round  it.  b  is  simple  attachment — a  bad  way  unless  the  tendons  are  too  short  to 
allow  of  any  other  procedure,  c  is  the  ordinary  implantation  of  the  divided  end 
into  a  split  tendon. 


will  enable  movements  of  the  latter  to  be  performed  well  enough 
for  the  patient  to  get  about  with  a  stick  or  even  without  any  arti- 
ficial aid. 

Points  to  be  obserzfcd  in  the  operation.  In  order  to  obtain  the  best 
results  certain  points  should  be  attended  to. 

(i)  The  operation  should  be  performed  as  soon  as  possible  after 
the  paralysis  has  come  to  a  standstill  and  the  surgeon  is  able  to  deter- 
mine clearly  how  much  healthy  muscular  tissue  is  left  in  the  muscles 
concerned. 

(2)  Each  individual  muscle  should  be  tested  carefully  and  its  exact 
contractile  power  ascertained,  as  it  is  important  to  choose  for  the  pur- 
pose of  anastomosis  those  muscles  which  can  act  wMth  the  greatest  power 
and  at  the  least  mechanical  disadvantage.  Thus,  for  instance,  it  is 
better  to  make  the  tibialis  anticus  replace  the  extensor  hallucis  longus 
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Fig  269  Various  Methods  of  Tendon-crafting.  In  each  case  b  is  tit 
sound  muscle,  a  the  paralysed  one.  The  first  three  diagrams  are  the  methods  in 
which  the  :iOund  tendon  is  divided  prior  to  anastomosis.  The  last  three  are  ihos« 
in  which  neither  tendon  is  divided,  as  is  also  4.  in  the  two  remaining  figures. 
5  and  6,  the  paralysed  muscle  has  its  tendon  divided  but  not  the  sound  one;  this 
is  a  very  favourite  method. 
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or  the  extensor  digitorum  longus  rather  than  to  bring  the  tibialis  posticus 
or  one  of  the  peronei  tendons  around  the  malleolus  in  order  to  anas- 
tomose it  with  either  of  these  tendons.  It  is,  however,  possible  to  bring 
tendons  around  the  malleoli  in  this  fashion  if  necessary,  but  this  should 
be  avoided  if  possible,  as  greater  care  is  required  in  the  after-treatment 
in  order  to  maintain  the  mobility. 

(3)  A  very  firm  anastomosis  should  be  made;  when  possible,  it  is 
best  to  split  one  tendon  and  pass  the  other  through  it.  This  union  may 
be  still  further  strengthened  by  wrapping  one  tendon  around  the  other 
in  the  manner  shown  in  Fig.  268,  a.  A  weak  union  is  apt  to  stretch  or 
to  tear  out. 

(4)  Whenever  possible,  muscles  should  be  employed  that  have  the 
same  nerve-supply  as  the  affected  one.  That  is  to  say,  a  flexor  tendon 
should  be  grafted  on  to  a  flexor  muscle  and  an  extensor  tendon  to  an 
extensor  muscle.  This,  however,  is  not  absolutely  necessary.  A  flexor 
muscle  may,  for  instance,  be  united  to  an  extensor  tendon,  and  in  course 
of  time  and  by  a  process  of  education  the  functions  of  the  paralysed 
muscle  are  assumed  by  the  sound  one;  that  is  to  say,  a  flexor  muscle 
now  produces  extension.  When  this  is  done,  however,  complete  division 
of  the  grafting  and  grafted  tendons  must  be  employed;  if  the  method 
of  uniting  the  two  by  a  lateral  anastomosis  or  by  implanting  the  distal 
end  of  the  paralysed  tendon  into  a  slip  derived  from  a  healthy  one 
be  employed  (see  Fig.  269)  the  functions  of  the  muscle  concerned  will  be 
dual  and  the  two  functions  will  be  antagonistic  and  simultaneous  in 
point  of  time. 

(5)  It  is  not  always  necessary  to  unite  the  healthy  tendon  to  the 
paralysed  one.  The  tendon  chosen  may  be  cut  across  and  a  new  attach- 
ment made  directly  to  bone  in  any  spot  at  which  the  surgeon  thinks 
the  muscle  is  likely  to  act  at  the  greatest  mechanical  advantage.  For 
instance,  the  tibialis  anticus  or  the  extensor  longus  hallucis  can  be 
attached  to  the  outer  border  of  the  foot  so  that  a  varus  position  may  be 
remedied  thereby.  The  tendon  may  be  attached  to  bone  at  any  desired 
spot  by  suturing  it  with  silk  passed  through  a  hole  bored  in  the  bone.. 
The  union  may  be  strengthened  by  catgut  sutures  passing  between  the 
tendon  and  the  adjacent  soft  parts. 

(6)  Whatever  the  method  adopted,  matters  must  be  so  arranged  that 
the  foot  is  in  its  normal  position  when  the  tendon  is  united  and  there 
is  neither  undue  tension  nor  undue  slackness  in  the  anastomosed  struc- 
tures. Care  must  also  be  taken,  'both  at  the  end  of  the  operation  and 
throughout  the  after-treatment,  to  see  that  there  is  no  undue  strain 
thrown  upon  the  anastomosis. 

(7)  Strict  asepsis  must  be  observed  throughout,  as  suppuration  is 
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fatal  to  success.     It  is  important  to  tie  all  bleeding  points  and  make 
sure  that  the  wound  is  dry  before  it  is  finally  closed. 

Operation.  No  definite  steps  can  be  laid  down  for  the  operation  as 
the  cases  vary  so  widely.  The  surgeon  will  carefully  examine  the  limb, 
will  ascertain  which  muscles  are  paralysed  and  which  are  healthy,  will 
choose  the  best  available  muscle  for  his  purpose,  and  will  then  graft  it 
on  to  the  affected  tendon  or  tendons  by  one  of  the  methods  described 
for  tendon  suture  (see  Fig.  269).  It  may  be  necessary  to  make  a  wide 
dissection  in  order  to  do  this,  and  in  all  cases  it  is  best  to  expose  the 
tendons  by  raising  small  flaps,  so  that  the  seat  of  anastomosis  shall  be 
away  from  the  line  of  union  in  the  soft  parts;  this  increases  the  chances 
of  perfect  movement  subsequently. 

When  a  tendon  has  to  be  anastomosed  to  another  at  a  considerable 
distance,  the  raising  of  a  single  flap  large  enough  to  expose  both  tendons 
would  entail  division  of  many  soft  structures,  such  as  veins  and  nerves; 
in  such  a  case  it  is  better  to  make  a  separate  incision  over  each  tendon, 
and,  after  preparing  and  dividing  both,  to  pull  the  distal  end  of  the 
one  through  to  the  proximal  end  of  the  other  with  forceps  passed  through 
the  subcutaneous  tissue  from  one  incision  to  the  other.  The  passage 
of  tendons  through  these  new  subcutaneous  paths  does  not  interfere 
materially  with  their  mobility. 

After-treatment.  A  great  deal  depends  on  successful  after-treatment, 
as  all  the  benefit  that  can  be  derived  from  tendon-grafting  may  be  lost 
if  the  limb  be  put  up  with  the  newly-grafted  tendon  on  the  stretch,  so 
that  the  muscle  is  at  a  mechanical  disadvantage.  It  should  be  fixed  in 
a  slightly  over-corrected  position  in  plaster  of  Paris  or  some  similar 
immovable  apparatus,  where  it  should  be  kept  for  a  month  or  six  weeks 
so  as  to  allow  union  to  take  place  undisturbed.  At  the  end  of  that  time, 
the  patient  may  be  fitted  with  a  light  orthopedic  apparatus  which  does 
not  allow  the  corrected  position  to  be  passed  and  the  faulty  one  assumed. 
This  should  be  worn  for  three  to  twelve  months  according  to  the  prog- 
ress made,  and  during  this  time  massage  and  selected  active  and  passive 
exercises  designed  to  strengthen  the  affected  muscles  should  be  practised 
vigorously.  The  essential  point  for  success  in  this  method  is  to  see  that 
the  limb  is  never  allowed  to  fall  into  its  old  position  of  deformity, 
which  it  will  readily  do  as  long  as  the  union  is  weak  or  the  muscle  is 
not  powerful  enough  to  do  its  work  unless  strengthened  by  suitable 
apparatus.  This  precaution  is  especially  necessary  when  a  weak  muscle 
has  been  made  to  take  the  place  of  what  should  be  a  powerful  one.  It 
is  only  by  means  of  cautiously  graduated  exercises  increasing  in  strength 
that  the  muscle  is  made  to  hypertrophy  so  as  to  fulfil  its  new  functions 
with  any  degree  of  success.     It  is  disregard  of  this  precaution  that  so 


TENDON  TRANSPLANTATION  AND  GRAFTING      665 

often  leads  to  the  disappointing  results  that  are  occasionally  experienced 
in  connexion  with  tendon-grafting. 

Results.  After  examining  a  considerable  number  of  cases  operated 
upon  by  this  method  I  feel  .that  one  may  fairly  come  to  the  conclusion 
that  the  method  is  of  considerable  value.  It  must  not  be  expected  that 
it  will  cure  or  even  greatly  improve  every  case,  but  when  it  is  judiciously 
employed  and  the  after-treatment  is  carefully  carried  out,  there  will 
be  some  definite  improvement  in  nearly  every  case  for  which  it  is  suit- 
able; in  some  cases,  chiefly  those  of  minor  degrees  of  paralysis  occurring 
in  isolated  but  important  muscles,  the  improvement  may  be  most  striking. 
Operation,  however,  should  be  performed  before  the  limb  has  got  into 
an  exaggerated  condition  of  deformity  if  good  results  are  to  be  looked 
for  with  any  confidence.  Those  advanced  cases  of  talipes  marked  by 
extensive  alterations  in  the  shape  of  the  bones  are  practically  beyond  its 
range  of  usefulness. 


CHAPTER  III 
OPERATIONS  UPON  TENDON  SHEATHS  AND  BURSiE 

It  is  occasionally  necessary  to  perform  operations  upon  tendon 
sheaths  apart  from  operations  upon  the  tendons  themselves,  and  as  these 
nearly  always  take  the  form  of  removal  of  the  synovial  sheath  it  will  be 
necessary  to  say  a  few  words  about  them. 

EXCISION  OF  THE  SHEATH  OF  A  TENDON 

Indications.  The  so-called  compound  ganglion  of  the  wrist,  which 
is  really  a  tuberculous  teno-synovitis,  will  call  for  excision  of  the  com- 
mon sheath  of  the  flexor  tendons.  Tuberculous  teno-synovitis  is  fairly 
common  either  as  a  primary  affection,  as  in  the  case  of  the  so-called 
compound  ganglion  of  the  wrist,  or  secondary  to  disease  of  the  joint, 
as,  for  example,  teno-synovitis  about  the  ankle  and  wrist  secondary  to 
disease  of  those  articulations. 

Operation.  The  steps  of  the  operation  required  cannot  be  given 
with  any  exactitude,  as  they  must  vary  with  the  particular  tendon  that 
is  the  subject  of  operation.  Certain  points,  however,  should  be  borne  in 
mind  if  this  operation  is  to  be  done  successfully,  and,  as  the  success 
that  attends  a  well-planned  and  properly  executed  excision  of  tuber- 
culous tendon  sheaths  is  most  gratifying  both  as  regards  the  extirpa- 
tion of  disease  and  the  restoration  of  function,  it  is  well  to  enumerate 
them  in  detail. 

(a)  The  area  to  be  operated  upon  should  be  exposed  freely  so  that 
the  excision  may  embrace  the  entire  affected  area. 

( fc )  The  flap  method  should  be  employed  where  possible,  as  it  avoids 
a  linear  cicatrix  directly  over  the  denuded  tendon  and  thereby  diminishes 
the  chance  of  adhesion  of  the  two  structures  and  increases  the  chance  of 
complete  restoration  of  function. 

(c)  The  diseased  synovial  sheath  should  be  removed  entirely  with 
knife  or  scissors ;  it  should  be  clipped  away  cleanly,  and  no  attempt  should 
be  made  to  scrape  it  away  with  a  sharp  spoon  or  any  other  clumsy 
instrument. 

{d)  The  excision  should  be  commenced  by  defining  the  synovial 
layer  which  lines  the  tendon  sheath.    This  should  be  dissected  up  as  far 
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round  as  possible  from  one  side  of  the  incision  into  the  sheath,  and  a 
similar  procedure  is  then  carried  out  from  the  other  side  until  the  entire 
synovial  lining  has  been  removed,  the  tendon  being  hooked  up  out  of 
its  bed  while  this  is  done. 

(e)  After  complete  removal  of  the  lining  membrane  of  the  sheath 
the  tendon  itself  must  be  examined,  and  if  it  has  undergone  any  definite 
changes  the  synovial  layer  covering  it  must  be  dissected  away  as  thor- 
oughly as  possible.  This,  of  course,  is  a  matter  of  difficulty  owing  to 
the  extreme  thinness  of  the  synovial  covering  in  places,  and  in  cases  of 
doubt  it  is  best  to  err  on  the  side  of  taking  away  too  much  rather  than 
too  little,  and  to  remove  a  slice  from  the  surface  of  the  tendon  with  a 
sharp  knife  so  as  to  make  sure  that  all  the  disease  has  been  removed. 
Particular  care  is  required  in  the  upper  part  where  the  tendon  joins  the 
muscle  to  see  that  all  the  affected  synovial  covering  is  removed.  If 
tuberculous  deposits  be  seen  on  the  surface  of  the  muscle  itself  that 
structure  should  be  removed  widely,  as  when  tubercle  finds  its  way 
into  muscle  it  spreads  rapidly  and  the  chance  of  recurrence  is  greatly 
increased. 

Every  tendon  that  requires  treatment  in  this  way  must  be  gone  over 
in  turn  thoroughly.  The  operation  is  tedious,  but  if  it  be  done  in  this 
systematic  manner  the  results  are  remarkably  good.  The  wound  is 
rendered  perfectly  dry  before  it  is  closed,  care  being  taken  to  ligature 
all  bleeding  vessels.  The  tendons  are  then  laid  down  in  their  denuded 
sheaths  and  the  latter  may  be  sutured  over  them  in  some  cases.  The 
skin  flap  is  united  without  a  drainage  tube  and  the  limb  is  put  up  in  a 
position  in  which  the  affected  muscles  are  relaxed;  that  is  to  say,  if  the 
operation  has  been  performed  upon  the  extensor  tendons  of  the  hand 
the  hand  is  put  up  fully  extended,  while  if  the  operation  has  been  on  the 
palm  the  hand  is  flexed.  The  object  of  this  is  to  render  it  easy  to  break 
down  any  adhesions  that  may  occur  after  the  operation. 

Anatomical  considerations  must  dictate  the  particular  form  that  the 
incisions  shall  take.  Thus,  for  instance,  if  the  entire  back  of  the  hand 
has  to  be  operated  upon  it  will  be  well  to  raise  two  separate  flaps  so  as 
to  avoid  dividing  too  much  of  the  cutaneous  nerve-supply  of  the  hand. 
Similarly,  when  operating  upon  the  flexor  tendons  the  operation  will 
probably  be  done  through  a  series  of  incisions,  as  it  is  important  to  avoid 
injury  to  the  median  nerve  and  its  branches  in  the  hand.  The  anterior 
annular  (laciniate)  ligament,  however,  may  be  cut  through  without  hesi- 
tation in  order  to  facilitate  access  to  the  synovial  sheath  beneath. 

Results.  These  are  remarkable  in  their  completeness,  if  the  opera- 
tion has  been  thorough  and  the  wound  has  remained  aseptic.  All  the 
tendons  on  the  back  or  the  front  of  the  hand  may  be  treated  in  the  same 
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manner  and  the  patient  nevertheless  preserve  perfect  use  of  the  fingers. 
One  patient  from  whom  I  removed  the  synovial  sheaths  of  all  the  flexor 
tendons  from  the  first  inter-phalangeal  joint  to  above  the  great  palmar 
bursa  in  the  right  hand  was  enabled  to  earn  her  living  by  teaching  the 
violin ;  and  another,  upon  whom  a  similar  operation  was  performed  on 
all  the  tendons  on  the  back  of  the  hand,  plays  the  piano  without  the  least 
inconvenience. 


OPERATIONS  UPON  BURSiE 

These  require  no  special  description,  as  the  operations  are  simple 
dissections,  the  only  point  of  interest  being  the  various  incisions  neces- 
sary in  the  various  situations.  Bursae  should  always  be  dissected  cleanly 
out  and,  as  a  rule,  the  incision  will  be  directly  over  the  swelling.  In 
the  case  of  the  prepatellar  bursa,  however,  it  is  well  to  raise  a  flap 
over  the  bursa,  with  its  convexity  upwards,  reaching  just  beyond  the 
upper  limit  of  the  swelling.  This  is  done  because  the  scar  would  be 
exposed  to  pressure  were  it  either  a  median  vertical  one  or  a  flap  with 
its  convexity  downwards,  as  in  kneeling  the  tubercle  of  the  tibia  and 
the  adjacent  part  of  the  ligamentum  patellae  come  into  contact  with 
the  ground. 

SUBACROMIAL  BURSITIS 

In  subacute  or  adherent  subacromial  bursitis  a  longitudinal  incision 
three  inches  long  is  made  extending  from  the  tip  of  the  acromion  process 
over  the  bicipital  groove,  splitting  the  deltoid.  The  roof  of  the  bursa 
is  thus  exposed  just  beneath  the  muscle  and  is  picked  up  with  tissue 
forceps  and  nicked.  The  incision  in  the  bursa  is  then  extended  and  the 
interior  of  the  sac  explored.  Adhesions  are  then  divided  or*  the  deltoid 
portion  excised.  It  is  impossible  to  excise  the  subacromial  portion  owing 
to  its  inaccessible  position.  A  good  exposure  of  the  bursa  may  be  ob- 
tained by  producing  sudden  strong  traction  on  the  arm  after  the  bursa 
has  been  opened,  thus  separating  the  tuberosity  from  the  acromion.  The 
bursa  is  loosened  at  its  periphery  down  to  its  attachment  to  the  tuberosity 
and  subscapularis  tendon.  The  bursa  is  then  detached  by  sharp  dissec- 
tion and  peeled  upward  to  the  point  where  it  passes  under  the  tip  of  the 
acromion.    The  skin  is  then  closed  with  silkworm-gut. 

In  the  chronic  type  where  no  adhesions  have  formed  or,  if  formed, 
have  been  stretched,  it  is  not  infrequent  to  have  calcareous  or  osseous 
deposits,  or  folded  and  thickened  ridges  of  the  bursal  sac  which  must  be 
removed.     The  bursa  is  incised  as  in  the  subacute  type  and  explored. 
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Deposits  quite  frequently  are  found  lying  beneath  the  floor  of  the  bursa 
and  attached  to  the  underlying  tendon  of  the  subscapularis,  in  which 
position  the  floor  of  the  bursa  is  also  incised  and  the  deposit  either  cu- 
retted or  removed  by  sharp  dissection.  The  incision  in  the  bursa  may 
then  either  be  left  open  or  closed  with  fine  catgut  suture. 
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CHAPTER  I 
OSTEOTOMY 

Indications.  Osteotomy  or  simple  division  of  a  bone  may  be 
required  for  various  purposes. 

(i)  The  most  common  condition  is  deformity  due  to  rickets.  This 
generally  takes  the  form  of  a  curve  of  the  femur  or  the  tibia,  giving  rise 
to  genu  valgum  or  genu  varum.  Some  of  the  more  complicated  rickety 
deformities  of  the  lower  extremity  may  also  require  an  osteotomy. 

(ii)  Osteotomy  is  often  done  for  the  rectification  of  deformity  due  to 
ankylosis  in  a  faulty  position  following  hip  disease.  Here  the  osteotomy 
may  be  through  the  neck  of  the  bone  or  in  the  sub-trochanteric  region. 

(iii)  Osteotomy  of  the  femur  has  been  recommended  and  success- 
fully practised  for  the  treatment  of  coxa  vara.  The  operation  is  rarely 
necessary,  however,  as  simple  mechanical  means  will  suffice  for  a  cure  in 
the  great  majority  of  cases. 

(iv)  Ostectcmy  either  of  the  femur  or  of  the  tibia  and  fibula  has 
been  practised  by  some  surgeons,  particularly  in  America,  for  the  relief 
of  the  inveterate  inward  rotation  associated  with  bad  cases  of  congenital 
talipes  varus. 

(v)  Occasionally  a  simple  osteotomy  will  suffice  to  rectify  mal-union 
after  a  fracture.  As  a  rule,  however,  either  simple  re-fracture  suffices, 
or  a  more  elaborate  operation  followed  by  the  use  of  some  means  of 
mechanical  fixation  is  necessary. 

Operation.  Concerning  the  operation  of  osteotomy  in  general, 
little  need  be  said.  The  division  of  the  bone  may  be  done  with  a  saw  or 
a  chisel. 

Subcutaneous  osteotomy.  A  clean  cut  is  made  down  to  the  bone  with 
a  stout  knife  parallel  to  its  long  axis.  The  soft  parts  are  cleared  from 
the  surface  of  the  bone  by  a  raspatory,  so  that  the  saw  can  be  passed 
down  to  the  bone  flatwise  along  it.  The  cutting  edge  is  then  turned 
towards  the  bone,  which  is  divided  by  short  rapid  strokes.  The  bone 
may  b^  sawn  through  entirely,  or  it  may  be  fractured  after  the  major 
portion  has  been  divided  by  the  saw.  The  osteotome  is  used  in  a  similar 
manner. 

Done  in  this  way,  the  operation  is  almost  subcutaneous.  It  can  be 
made  entirely  subcutaneous  if  desired,  but  the  above  plan  is  to  be  recom- 
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mended  whenever  there  is  any  important  structure,  such  as  a  large  vessel 
or  nerve  in  the  immediate  vicinity  of  the  bone  to  be  divided.  It  is 
better  to  make  a  wound  large  enough  to  expose  the  bone;  then  the 
surgeon  can  see  that  he  introduces  the  instrument  between  the  bone  and 
the  soft  structures. 

Open  osteotomy.  When  osteotomy  is  done  through  an  open  incision 
any  suitable  kind  of  saw  or  chisel  may  be  employed,  and  the  bone  ends 
either  remain  in  position  spontaneously  or  are  maintained  by  some 
form  of  fixation  apparatus  (see  p.  705).  As  a  rule  the  latter  is  not 
required  for  rickety  deformities,  but  it  may  be  called  for  in  the  other 
conditions  requiring  osteotomy.  This  form  of  osteotomy  may  be  divided 
into  two  groups,  which  may  be  called  linear  and  cuneiform  osteotomy, 
according  as  a  simple  division  or  a  removal  of  a  wedge  of  bone  is 
practised. 

There  are  certain  special  forms  of  osteotomy  that  call  for  description; 
the  chief  ones  are  described  in  the  following  pages. 

MACEWEN'S  SUPRA-CONDYLOID  OSTEOTOMY 

At  the  present  time  this  operation  holds  the  field  for  the  cure  of 
genu  valgum  of  a  certain  degree  of  severity  to  the  exclusion  of  all  the 
older  methods ;  no  other  will  be,  therefore,  described  here.  It  is  suitable 
for  cases  of  genu  valgum  in  which  the  separation  between  the  malleoli 
is  more  than  three  inches  and  a  half,  and  in  which  ossification  is  pro- 
gressing actively,  so  that  no  improvement  of  the  deformity  is  likely  to 
be  brought  about  by  splints.  It  is  equally  suitable  for  the  adult  and  for 
the  juvenile  form  of  genu  valgum,  but  in  exaggerated  cases  in  children 
it  often  has  to  be  combined  with  osteotomy  of  the  tibia,  which  is  gener- 
ally* of  the  cuneiform  type  (see  p.  677). 

Operation.  The  knee  is  flexed  to  an  angle  of  135°,  and  a  firm 
sand-bag  is  placed  under  its  outer  side,  the  thigh  being  somewhat  abducted 
and  rotated  outwards.  It  is  most  important  to  purify  the  limb  from 
mid-thigh  to  mid-calf  and  to  surround  the  remainder  of  the  extremity 
securely  with  sterilized  cloths  so  that  neither  the  surgeon's  nor  the 
assistant's  hands  can  come  into  contact  with  unsterilized  structures 
during  the  course  of  the  operation. 

An  incision  is  made  at  the  junction  of  a  horizontal  line  drawn  across 
the  thigh  a  finger's  breadth  above  the  upper  limit  of  the  external  condyle 
with  a  vertical  one  drawn  nearly  the  same  distance  in  front 'of  the 
adductor  tubercle.  At  this  point  the  knife  is  sunk  straight  to  the  bone 
and  in  this  situation  is  fairly  sure  not  to  divide  any  vessel  of  importance. 
A  broad  knife,  such  as  a  breast  knife,  makes  an  excellent  instrument,  as 
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it  need  only  be  driven  straight  down  to  the  bone  and  the  osteotome 
can  then  be  introduced  flatwise  along  its  blade  until  the  bone  is 
reached.  The  knife  is  then  withdrawn,  leaving  the  edge  of  the  chisel 
held  firmly  in  contact  with  the  bone.  Usually  the  incision  through 
the  skin  is  made  parallel  with  the  long  axis  of  the  limb,  and  therefore  the 
osteotome  has  to  be  turned  through  a  right  angle  in  order  to  make 


Fig.  270,  Method  of  holding  Macewen's  Osteotoue.  It  the  instrument 
be  held  in  this  manner  it  is  kept  perfectly  Arm  and  is  not  likely  to  slip  suddenly 
and  do  damage. 

the  section  of  the  bone.  It  is  grasped  as  shown  in  Fig.  270,  and  by 
means  of  light  strokes  with  a  mallet  or  hammer  is  made  to  divide  the 
inner  and  posterior  part  of  the  bone  first;  then  the  osteotome  is  driven 
forwards  and  outwards  until  the  outer  aspect  of  the  triangular  surface 
of  the  back  of  the  femur  is  reached.  The  compact  tissue  is  easily  recog- 
nized by  its  hardness,  and  consequently  the  difficulty  with  which  the 
osteotome  penetrates  it.  In  children  the  cancellous  tissue  can  often  be 
divided  by  the  mere  pressure  of  the  hand  unaided  by  a  mallet.  After 
two-thirds  or  three-quarters  of  the  thickness  of  the  bone  have  been 
divided  the  remainder  may  be  fractured.  The  thigh  is  grasped  with 
one  hand  and  the  leg  with  the  other  and  the  remaining  portion  of  bone 
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is  snapped  by  bending  the  limb  sharply  inwards.  As  soon  as  it  is  felt 
to  give,  the  limb  is  brought  into  the  fully  corrected  position.  Osteotomes 
of  different  sizes  may  be  used  if  desired,  a  smaller  one  being  inserted 
to  complete  the  division  begun  by  the  large  one;  few  surgeons  use  more 
than  one  size  at  the  present  time,  however,  and  then  only  in  adults.  The 
cutaneous  wound  is  sutured  and  the  limb  is  secured  in  the  corrected 
position  by  suitable  splints. 

After-treatment.  The  limb  may,  if  desired,  be  put  up  in  plaster 
of  Paris  directly,  but  it  is  well  to  delay  this  for  about  a  fortnight,  when 
the  sutures  can  be  removed  and  any  further  correction  that  may  be 
necessary  can  be  made  under  an  anaesthetic  and  a  plaster  casing  applied 
whilst  the  patient  is  still  unconscious.  It  is  somewhat  difficult  to  be 
sure  of  getting  the  limb  into  perfect  position  immediately  after  the 
operation  as  the  bulky  first  dressing  obliterates  landmarks.  In  small 
children  it  may  be  necessary  to  take  the  bandage  round  the  pelvis  in 
order  to  get  sufficient  hold.  The  immovable  apparatus  should  be  con- 
tinued until  a  firm  union  has  occurred,  which  should  be  in  about  six 
weeks  from  the  time  of  the  operation.  The  patient  is  allowed  to  get 
about  freely  in  another  month,  if  firm  union  has  occurred,  and,  as  the 
operation  will  not  have  been  performed  until  the  rickety  period  is  passing 
off,  recurrence  is  not  likely;  should  there  be  any  fear  of  this,  the  patient 
must  be  fitted  with  an  apparatus  preventing  recurrence  of  the  deformity 
but  allowing  the  free  use  of  the  knee-joint. 

Difficulties  and  dangers.  A  consideration  of  the  steps  of  the 
operation  might  lead  to  the  anticipation  that  there  are  many  difficulties 
and  dangers  to  be  met  with.  It  is  extraordinary,  however,  to  see  how 
free  it  is  from  complications  of  any  kind,  and  many  surgeons  have  done 
many  hundreds  of  these  operations  without  a  hitch  of  any  kind.  Non- 
union is  practically  unknown ;  the  bone  surfaces  are  broad  and  are  never 
separated,  probably  because  the  division  is  always  somewhat  incomplete, 
the  periosteum  at  least  remaining  intact  at  some  part  of  the  bone. 
Wound  of  the  knee-joint  also  seems  never  to  occur,  or,  if  it  does,  to  be 
quite  harmless.  Wound  of  the  popliteal  artery,  which  a  theoretical  con- 
sideration of  the  operation  might  lead  one  to  think  would  be  a  not 
infrequent  complication,  rarely,  if  ever,  occurs.  Even  free  bleeding 
from  division  of  any  named  branch  is  rare  and  is  easily  stopped  either 
by  pressure  or,  in  extreme  cases,  by  enlarging  the  wound.  The  only 
difficulty  with  which  I  am  personally  acquainted  is  that  of  not  being  able 
to  re-introduce  the  osteotome  into  the  line  of  bone  section  after  having 
withdrawn  it  in  order  to  see  whether  the  bone  can  be  fractured.  The 
best  way  to  avoid  this  is  to  divide  the  bone  until  a  very  slight  pressure 
will  fracture  it ;  this  is  only  learnt  by  experience.    It  can  also  be  avoided 
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by  imparting  to  the  osteotome  movements  in  the  vertical  direction,  so  as 
to  widen  the  groove  that  it  makes  in  the  bone ;  this  prevents  locking  and 
also  facilitates  the  identification  of  the  groove  when  the  instrument  has 
been  removed. 

Results.  The  results  of  this  operation  are  most  satisfactory.  It 
is  of  universal  application  and  few  similar  operations  give  such  admirable 
results  with  such  a  minimum  of  risk.  It  is  a  perfectly  satisfactory  treat- 
ment for  genu  valgum  of  a  moderate  degree.  In  the  more  extreme  forms 
cuneiform  osteotomy  of  the  tibia  should  be  either  substituted  for  or 
combined  with  it. 


OSTEOTOMY  OF  THE  TIBIA 

Indications,  (i)  Division  of  the  tibia  is  usually  done  for  deformi- 
ties due  to  rickets. 

(ii)  Badly  united  fractures  with  serious  deformity  resulting  in 
impaired  locomotion  may  call  for  osteotomy;  but  this  will  generally  be 
preliminary  to  mechanical  fixation  of  the  fragments.  It  is  not  infre- 
quently required  for  fractures  in  the  region  of  the  ankle-joint  where  the 
direction  of  the  lower  fragment  is  so  altered  that  the  body-weight  is 
transmitted  at  a  mechanical  disadvantage. 

(iii)  Osteotomy  of  the  tibia  and  fibula  has  been  practised  for  the 
cure  of  the  persistent  inward  rotation  that  accompanies  bad  talipes 
equino-varus. 

The  operation  may  be  done  in  several  ways  and  in  various  situations. 
Thus  it  may  take  the  form  of  linear  or  cuneiform  osteotomy,  either  of 
which  may  be  performed  in  any  part  of  the  bones,  the  upper  and  lower 
ends  being  the  most  common  situations — in  the  upper  end  for  genu 
valgum,  in  the  lower  for  the  bowing  forward  of  the  tibia  so  common  in 
rickets.  The  section  of  the  bone  may  be  made  in  any  direction ;  as  a  rule 
a  cuneiform  osteotomy  by  the  open  method  is  done  for  rickety  deformi- 
ties, as  the  surgeon  is  thereby  able  to  do  very  accurate  work. 

Operation.  When  cuneiform  osteotomy  is  to  be  done,  the  surgeon, 
having  settled  the  spot  at  which  he  will  divide  the  bone,  raises  a  flap  over 
it  so  that  the  cicatrix  in  the  skin  shall  not  lie  over  the  bone  section.  The 
spot  usually  chosen  for  osteotomy  of  the  tibia  in  genu  valgum  is  just 
below  the  upper  epiphyseal  line  of  the  tibia,  while  that  for  the  antero- 
posterior curvature  of  the  lower  end  of  the  bone  is  well  above  the  lower 
epiphyseal  line;  in  the  latter  case  the  flap  is  best  raised  by  means  of  a  cres- 
centic  incision  with  its  convexity  inwards  and  its  extremity  lying  just  over 
the  anterior  border  of  the  bone.  The  flap  is  raised  and  the  subcutaneous 
surface  of  the  tibia  is  exposed  over  an  area  corresponding  to  the  base  of 
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the  wedge  that  is  to  be  removed  from  it.  The  wedge  is  now  marked  out 
either  with  a  few  strokes  of  an  osteotome,  or  with  an  osteotomy  saw ;  it 
is  most  conducive  to  neat  work  to  make  the  preliminary  groove  with  an 
osteotome,  as  by  it  the  shape  of  the  wedge  can  be  marked  out  very  accu- 
rately and  the  inclination  of  its  sides  can  be  determined  better  than  by  the 
saw.  The  actual  division  of  the  bone  is  best  effected,  however,  by  the 
latter  instrument,  which  is  introduced  into  the  groove  thus  madt,  and  the 
wedge  of  bone  cut  cleanly  out,  the  soft  parts  being  meanwhile  protected 
by  inserting  thin  spatulae  between  them  and  the  bone.  In  making  the  bone 
section,  care  must  be  taken  not  to  damage  the  anterior  tibial  artery  or 
nerve,  which  lie  upon  the  interosseous  membrane  and  are  very  easily 
wounded.  If  there  be  any  doubt  as  to  the  exact  amount  of  bone  that 
requires  to  be  removed  it  is  well  to  take  out  a  smaller  wedge  than  is  nec- 
essary, as  it  is  easy  to  remove  more  bone  with  a  sharp  chisel,  or  to  alter 
the  angles  of  the  wedge.  Throughout  the  sawing  and  chiselling  manipu- 
lations the  limb  should  be  laid  on  its  outer  side  upon  a  firm  sand-bag. 

When  the  wedge  has  been  removed,  the  fractured  surfaces  are 
brought  into  apposition,  and  this  should  rectify  the  deformity.  In  an 
adult  the  fibula  must  be  divided  before  this  can  be  done,  and  this  can  be 
accomplished  through  a  small  vertical  incision  below  the  neck  of  the  bone, 
which  is  bared  with  a  rugine  and  either  nipped  across  with  bone  forceps 
or  partly  sawn  through  with  an  Adams's  osteotomy  saw,  and  then  frac- 
tured by  bringing  the  limb  into  position.  In  young  children,  however,  the 
fibula  is  so  elastic  that  it  offers  no  obstacle  to  the  reduction  of  the  deform- 
ity, and  even  in  older  children,  although  this  elasticity  may  be  trouble- 
some, it  can  be  overcome  by  over-correcting  the  deformity  and  creating  a 
greenstick  fracture.  Bleeding  is  rarely  troublesome  although  there  may 
be  free  oozing  from  the  medulla;  this,  however,  always  stops  as  the 
two  bone  surfaces  are  squeezed  together  when  the  deformity  is  rectified. 

It  is  often  difficult  to  remove  the  exact  amount  of  bone  necessary 
to  get  complete  reduction  of  the  deformity  at  the  first  attempt.  The 
surgeon  should- not  be  satisfied  with  the  result,  however,  until  he  has 
obtained  rectification  of  the  deformity  and  accurate  coaptation  of  the 
fractured  surfaces ;  for  the  finishing  touches  a  sharp  chisel  is  invaluable. 
When  the  bone  surfaces  are  brought  together,  it  is  important  to  see  that 
no  flap  of  periosteum  becomes  turned  in  over  the  ends  of  the  bone.  No 
fixation  apparatus  is  ever  necessary  for  rickety  cases.  Operations  per- 
formed for  mal-united  fractures  are  separately  dealt  with  (see  p.  T2l2), 
'AH  bleeding  should  be  carefully  arrested  and  the  wound  sutured  without 
a  drainage  tube.  Only  a  small  amount  of  dressing  is  applied,  so  that  the 
surgeon  is  able  to  see  the  outline  of  the  limb,  and  can  therefore  apply 
the  retentive  apparatus  more  accurately  than  if  the  leg  were  enveloped 
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in  a  large  mass  of  dressing.  The  simplest  plan  of  putting  up  these  cases 
is  to  apply  a  light  plaster  of  Paris  casing,  fixing  the  knee  and  ankle. 
This  will  require  to  be  taken  off  when  the  stitches  are  removed;  some 
form  of  Croft's  removable  casing  answers  admirably. 

The  other  method  is  to  secure  the  limb  in  splints,  which  may  either 
consist  of  a  back  and  two  side  splints  with  a  foot-piece  at  right  angles, 
or  a  roll  of  Gooch's  splinting  in  which  the  limb  is  so  fixed  with  pads  that 
the  corrected  position  is  properly  maintained.  Of  these  methods  the 
former  is  the  more  suitable  for  all  cases  in  which  the  surgeon  is  sure  of 
his  asepsis,  and  the  patient  is  old  enough  not  to  soil  the  casing  with  urine. 
The  other  method  is  useful  in  quite  young  children,  as  soiling  of  the 
apparatus  is  easily  detected  and  can  be  prevented  from  doing  harm  by 
changing  the  dressings. 

After-treatment  The  first  dressing  is  left  untouched  for  a  fort- 
night, when  an  anaesthetic  is  administered,  the  sutures  are  removed,  and 
the  limb  put  up  in  a  plaster  of  Paris  casing,  which  fixes  the  knee  and 
ankle  joints.  This  is  kept  on  for  a  month,  when  the  bone  should  have 
united.  It  will,  however,  be  necessary  to  keep  the  child  off  his  feet  for 
a  period  of  nearly  two  or  three  months  longer,  unless  the  case  be  one  in 
which  all  signs  of  rickets  have  passed  off  and  the  bones  have  undergone 
full  ossification. 


SUB-TROCHANTERIC  OSTEOTOMY  OF  THE  FEMUR 

Osteotomy  of  the  neck  of  the  femur  and  trans-trochanteric  osteotomy 
are  described  separately  (see  Vol.  II). 

Indications.  Sub-trochanteric  osteotomy  of  the  femur  may  be  done 
for: — 

(i)  Deformity  following  ankylosis  in  hip  disease.  Division  of  the 
neck  of  the  femur  or  of  the  great  trochanter  is  theoretically  a  better 
method  of  relieving  this  condition  than  is  division  of  the  shaft  of  the 
femur  below  the  trochanters,  and  should  be  preferred  whenever  it  is 
feasible.  There  are  many  cases,  however,  which  can  now  be  detected 
by  the  X-rays,  in  which  the  fusion  of  the  femur  to  the  pelvis  is  so 
extensive  that  division  of  the  bone  below  the  trochanters  is  a  simpler 
and  more  satisfactory  method. 

(ii)  Sub-trochanteric  division  has  been  employed  for  the  cure  of 
coxa  vara,  the  object  being  to  rotate  the  shaft  of  the  femur  round  its  long 
axis  and  so  overcome  the  eversion  of  the  foot,  the  two  fragments  being 
united  by  some  suitable  mechanical  apparatus.  This  operation,  however, 
is  not  likely  to  find  extended  favour  for  this  purpose.  The  risk  of 
deformity  or  of  non-union  can  never  be  ignored,  while  no  operation  is 
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ever  called  for  in  young  children,  and  in  adults  cuneiform  osteotomy  of 
the  neck  of  the  femur  is  preferable. 

Operation.  This  is  quite  simple.  The  level  of  the  lesser  trochanter 
is  about  two  inches  below  the  top  of  the  greater,  and  therefore  the 
osteotome  should  be  applied  about  half  an  inch  or  more  below  this  spot. 
A  vertical  incision  about  an  inch  and  a  half  long  is  made  over  the  outer 
surface  of  the  femur  with  its  centre  opposite  the  above  point  and  carried 
down  to  the  bone.  The  osteotome  is  then  introduced  flatwise  along  the 
blade  of  the  knife,  turned  at  right  angles  to  the  shaft  of  the  bone,  and 
made  to  cut  across  horizontally  from  the  outer  to  the  inner  side,  dividing 
first  the  compact  bone  of  the  front  and  outer  aspects  of  the  shaft  and 
then  that  in  the  neighbourhood  of  the  linea  aspera.  When  two-thirds 
of  the  bone  have  been  divided,  the  remainder  should  be  snapped  by 
carrying  the  limb  inwards  until  it  is  felt  to  crack ;  the  deformity  is  then 
rectified,  and  the  limb  is  put  up  in  an  immovable  apparatus  after  the 
wound  has  been  sutured.  The  best  apparatus  is  that  recommended  for 
use  after  operations  on  the  neck  of  the  femur. 


CHAPTER  II 
OPERATIONS  FOR  OSTEOMYELITIS  AND  ITS  SEQUELS 

FOR  ACUTE  INFECTIVE  OSTEOMYLITIS 

Operation.  As  soon  as  the  diagnosis  is  established,  a  very  free 
incision  must  be  made  over  the  affected  bone  under  full  anaesthesia.  The 
periosteum  must  be  divided  freely,  the  incision  reaching  well  above  and 
below  the  affected  area;  it  is  of  the  highest  importance  that  it  should 
be  free  enough  to  allow  all  the  pus  to  escape.  When  the  pus  between 
the  periosteum  and  the  bone  has  been  evacuated  careful  examination 
must  be  made  to  see  whether  the  abscess  has  burrowed  round  the  bone 
laterally,  and,  should  this  be  the  case,  the  periosteum  is  divided  trans- 
versely also,  or  suitable  counter-openings  are  made  to  establish  free 
drainage.  It  is  not  sufficient  to  make  a  free  opening  anteriorly,  as  pus 
may  continue  to  burrow  around  the  bone  in  spite  of  this. 

In  all  cases  of  acute  infective  osteomyelitis  it  is  always  well  to  open 
the  medulla  when  any  quantity  of  pus  is  found  beneath  the  periosteum, 
as  the  disease  frequently  commences  in  the  centre  of  the  bone.  A  good 
plan  is  to  remove  a  circle  of  the  compact  tissue  of  the  bone  with  a  half- 
inch  trephine,  so  as  to  permit  a  satisfactory  inspection  of  the  medullary 
canal.  If  no  pus  be  found,  the  cavity  may  be  swabbed  over  with  a 
saturated  solution  of  chloride  of  zinc  and  lightly  packed  with  iodoformed 
gauze;  then  there  will  be  scarcely  any  risk  of  the  infection  spreading 
from  the  surface  to  the  deeper  parts. 

If,  however,  pus  be  present  in  the  medulla,  the  whole  of  the  cavity 
containing  it  should  be  freely  exposed  by  cutting  away  all  the  bone  over 
the  suppurating  area  with  a  gouge,  trephine,  or  chisel  according  to  the 
taste  of  the  operator.  The  cavity  is  thus  laid  bare  from  end  to  end  and 
is  lightly  packed  with  iodoformed  gauze;  it  will  drain  satisfactorily  if 
the  packing  be  only  loosely  applied.  It  is  not  advisable  to  use  a  sharp 
spoon  to  remove  the  suppurating  medulla,  as  is  often  done ;  the  procedure 
is  not  likely  to  eradicate  the  entire  diseased  area,  and  only  serves  to 
destroy  any  osteogenetic  portion  of  the  medulla  that  has  so  far  escaped 
destruction  by  the  suppurative  inflammation.  So  long  as  the  pus  is 
not  under  tension,  it  will  drain  satisfactorily,  and  the  least  damage  results 
if  simple  but  ample  drainage  be  established. 

If  the  suppuration  in  the  medulla  extends  up  into  the  epiphysis,  the 

68i 


682  OPERATIONS  UPON  BONES 

cavity  in  which  the  pus  lies  must  be  opened  up  equally  freely,  and  that 
portion  of  the  epiphysis  overlying  the  abscess  cavity  must  be  sacrificed 
without  hesitation. 

At  the  original  operation,  no  attempt  should  be  made  to  remove  bone 
for  any  other  purpose  than  mere  drainage,  except  in  the  rare  cases 
in  which  the  shaft  of  the  bone  is  completely  detached  both  from  the 
epiphyseal  lines  above  and  below  and  from  the  periosteum  circumferen- 
tially.  This  involves  the  death  of  the  entire  shaft  of  the  bone,  and  the 
dead  diaphysis  can  be  lifted  out  from  its  periosteal  bed  with  advantage, 
as  regeneration  of  the  bone  will  then  occur  better  than  if  it  were  left 
to  form  a  sequestrum.  Failing  this,  however,  no  attempt  should  be  made 
to  remove  bone  except  for  the  purpose  of  drainage,  as  it  is  impossible  to 
tell  at  the  time  of  the  operation  how  much  bone  has  been  destroyed; 
this  important  point  can  only  be  ascertained  by  waiting. 

After-treatment.  The  limb  should  be  kept  at  rest  upon  a  splint, 
and  should  be  syringed  out  daily,  or  oftener  according  to  the  amount 
of  discharge,  with  peroxide  of  hydrogen  solution  (ten  volumes  per  cent), 
after  which  it  may  be  lightly  stuffed  with  iodoformed  gauze.  The 
formation  of  healthy  granulation  should  be  promoted  by  all  means 
possible.  For  this  purpose  light  packing  is  better  than  firmly  stuffing 
the  wound. 

SEQUESTROTOMY 

Indications.  Sequestrotomy  may  be  required  for  the  relief  of  sev- 
eral conditions;  thus: — 

(i)  It  may  be  necessary  for  the  removal  of  a  sequestrum  resulting 
from  acute  infective  osteomyelitis 

(ii)  After  traumatic  septic  necrosis  a  sequestrum  may  have  to  be 
removed,  for  instance,  from  an  amputation  stump  or  from  a  compound 
fracture. 

(iii)   In  'quiet'  necrosis  sequestrotomy  will  be  necessary. 

(iv)  Syphilitic  necrosis  is  often  followed  by  the  formation  of  a  large 
sequestrum  which  demands  removal  by  surgical  means. 

(v)  In  tuberculous  necrosis  a  sequestrum,  although  occasionally 
capable  of  absorption,  should  be  removed  whenever  its  presence  is 
diagnosed,  as  this  greatly  increases  the  chances  of  a  cure  and  hastens 
recovery. 

The  steps  of  the  operation  for  removal  of  a  sequestrum  vary  accord- 
ing to  the  nature  of  the  disease  that  has  led  to  the  production  of  the 
sequestrum  that  it  is  designed  to  remove,  and  accordingly  three  methods 
will  be  described: — 

(a)  For  removal  of  a  sequestrum  following  infective  osteomyelitis. 
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(&)  For  removal  of  a  deep-seated  sequestrum  resulting  from  '  quiet ' 
necrosis  or  syphilis. 

(c)  For  removal  of  a  tuberculous  sequestrum. 

REMOVAL  OF  A  SEQUESTRUM  FOLLOWING  ACUTE  INFECTIVE 

OSTEOMYELITIS 

In  these  cases  the  most  important  question  is  the  period  at  which 
to  operate.  It  is  essential  that  the  whole  necrotic  area  should  be  removed 
at  the  operation  and  that  no  sequestra  should  be  left  behind  to  prolong 
healing  and  necessitate  a  second  operation;  therefore,  operation  should 
not  be  practised  until  the  surgeon  is  able  to  ascertain  fairly  accurately 
how  much  of  the  bone  is  dead  and  requires  removal.  Quite  apart  from 
the  inadvisability  of  prolonged  waiting  from  the  point  of  view  of  the 
patient,  who  is  confined  to  bed  meanwhile  and  has  to  have  frequent 
dressings,  it  is  very  important  to  intervene  as  early  as  possible,  because 
the  prospects  of  regeneration  of  new  bone  to  take  the  place  of  the 
sequestrum  are  directly  proportionate  to  the  shortness  of  time  that  has 
elapsed  between  the  occurrence  of  the  necrosis  and  the  removal  of  the 
sequestrum.  The  reason  of  this  is  that  when  necrosis  occurs  the  perios- 
teum is  stripped  from  the  bone  by  the  inflammatory  exudation  and  after 
a  short  time  becomes  covered  with  granulation  tissue  which  has  a  high 
osteogenetic  power.  If  this  osteogenetic  function  be  allowed  time  to 
come  into  full  play  it  surrounds  the  necrosed  bone  with  a  rigid  sheath 
of  new  bone  of  a  more  or  less  permanent  character.  Unlike  normal 
bone,  growth  can  only  take  place  from  the  periosteal  surface  of  this 
newly- formed  bone,  and  no  endosteal  increase  is  possible;  therefore  the 
cavity  in  the  ensheathing  layer  of  bone  in  which  the  sequestrum  lies 
does  not  fill  up  from  the  interior. 

Operation  in  recent  cases.  From  these  considerations  it  follows 
that  it  is  of  great  practical  importance  to  remove  the  necrosed  bone  before 
it  has  become  a  true  sequestrum,  that  is  to  say,  before  the  dead  portion 
has  become  locked  in  and  buried  by  new^^eriosteal  bone.  If  this  can  be 
done  while  the  periosteum  is  still  soft  and  plastic,  that  structure  can 
be  made  to  approximate  itself  to  the  remaining  normal  bone,  with  which 
it  becomes  fused,  so  that  no  cavity  is  left.  The  practical  result  to  be 
deduced  from  this,  therefore,  is  that  in  every  case  a  sequestrotomy  should 
be  done  at  the  earliest  moment  at  which  it  is  possible  to  tell  how  much 
of  the  bone  is  dead. 

This  power  of  regeneration  is  very  remarkable,  and  extraordinarily 
good  results  have  followed  removal  of  the  entire  shaft  of  the  tibia  for 
acute  infective  osteomyelitis  at  the  time  of  the  original  operation.  The 
periosteal  walls  fall  together,  the  small  cavity  thus  left  is  filled  with 
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osteogenetic  granulations,  and  a  new  tibia,  which  in  the  course  of  time 
becomes  so«nd  and  almost  of  the  normal  size,  takes  the  place  of  the 
old  one.  This  is  in  marked  contrast  to  the  hopelessly  unsatisfactory 
results  that  often  follow  removal  of  a  sequestrum  for  the  same  disease 
when  the  dead  bone  has  been  allowed  to  remain  in  situ  bathed  in  foul 
pus  for  many  weeks  or  months;  even  after  removal  of  the  sequestrum 
in  these  cases  a  foul  discharging  cavity  may  persist  for  the  remainder 
of  the  patient's  life. 

The  period  at  which  the  demarcation  between  the  living  and  the 
dead  bone  can  be  made  out  clearly  will  vary  with  the  bone  affected. 
Thus  it  may  be  possible  to  be  certain  upon  this  point  in  some  cases  within 
a  month,  while  it  takes  more  than  two  months  in  other  cases — such,  for 
instance,  as  the  femur.  The  exact  time  for  operating  is  rather  difficult 
to  tell,  but  the  most  careful  efforts  must  be  made  to  ascertain  it.  An 
X-ray  photograph  may  give  valuable  help  in  defining  the  limits  of  the 
necrotic  area,  but  the  most  important  test  is  to  determine  the  period  at 
which  the  periosteum  begins  to  undergo  ossification,  as  it  is  then  suffi- 
ciently plastic  to  be  moulded  into  position.  It  may  be  taken  as  a  safe 
rule  that  ossification  in  the  periosteum  does  not  advance  far  until  the 
line  of  demarcation  between  the  living  and  dead  bone  is  fairly  established. 
The  onset  of  ossification  may  be  ascertained  by  feeling  the  small  spicules 
of  bone  in  the  vascular  periosteum;  these  may  occasionally  be  felt  with 
the  finger,  or  a  probe  or  needle  may  be  made  to  rub  against  the  bone 
spicules,  or  some  of  them  may  be  actually  scraped  away  with  a  sharp 
spoon  and  examined  microscopically.  It  cannot  be  too  strongly  insisted 
that  every  care  should  be  taken  to  determine  the  time  at  which  the 
operation  should  be  performed,  as  the  patient's  future  comfort  may 
depend  largely  upon  the  right  time  being  chosen. 

Operation.  The  whole  of  the  affected  area  must  be  exposed  freely 
by  any  incision  or  incisions  that  seem  most  suitable  for  the  purpose. 
Any  sinuses  present  should  be  included  in  the  incision  if  possible,  their 
orifices  being  surrounded  by  fin  elliptical  incision  so  that  they  can  be 
removed  completely.  The  periosteum  is  divided  throughout  the  length 
of  the  incision  and  turned  back  carefully  with  a  rugine  (see  Fig.  271). 
All  unnecessary  violence  in  reflecting  the  periosteum  must  be  avoided, 
as  it  is  upon  the  vitality  of  this  structure  that  the  chances  of  a  successful 
result  depend.  Lateral  incisions  into  the  periosteum  may  be  made,  if 
necessary,  so  as  to  reflect  it  without  undue  bruising. 

When  the  dead  bone  has  been  fully  exposed  in  this  manner  it  is 
removed  by  whatever  method  seems  to  be  most  satisfactory.  If  it  be 
small  and  quite  free  it  can  be  pulled  out  by  necrosis  forceps,  otherwise 
a  chisel  or  gouge  may  be  required.    If  there  be  any  doubt  as  to  whether 
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any  portion  is  dead  or  not,  it  is  best  to  remove  that  portion  in  order  to 
make  sure;  it  is  always  better  to  remove  more  than  is  absolutely  neces- 
sary rather  than  too  little.  If  necessary  the  whole  thickness  of  the  shaft 
of  the  bone  must  be  taken  away  without  the  least  hesitation.  Excellent 
results  have  been  obtained  after  limited  resection  of  the  whole  breadth 
of  the  shaft  in  this  way;  this  will  not  often  be  necessary,  but  it  may  be 
done  fearlessly  when  there  is  a  doubt  as  to  whether  the  whole  thickness 
of  the  shaft  has  perished  or  not. 

After  removal  of  the  dead  bone  the  cavity  is  flushed  out  so  as  to 
remove  clot  and  to  enable  the  operator  to  see  whether  any  spicules  of 
bone  have  been  left  behind.  The  wound  is  then  irrigated  with  a  solution 
of  peroxide  of  hydrogen  (ten  volumes  per  cent.)  and  the  two  sides  of 
the  periosteal  cavity  are  brought  together  as  closely  as  the  conditions 
will  allow  and,  if  necessary,  are  sutured  together.  Ample  drainage  must 
be  provided;  this  is  a  point  of  the  highest  importance.    The  limb  is  put 


Fig.  271.     Farabeuf's  Rugines.    The  ends,  which  are  straight  or  curved,  are 
strong  and  as  sharp  as  chisels.    They  can  be  used  with  great  precision. 

up  in  some  immovable  apparatus,  of  which  the  best  is  a  splint  of  malleable 
iron  secured  to  the  limb  by  plaster  of  Paris  bandages  so  arranged  that 
the  wound  is  fully  exposed  and  accessible  for  the  purpose  of  dressing, 
without  the  risk  of  any  discharge  getting  between  the  skin  and  the 
plaster  and  giving  rise  to  dermatitis.  The  after-treatment  is  similar  to 
that  for  the  preceding  operation. 

Results.  The  results  can  be  fairly  described  as  excellent.  New 
bone  is  thrown  out  quickly  and  a  solid  mass  of  periosteal  bone  takes 
the  place  of  the  dead  portion;  this  eventually  becomes  moulded  to  the 
shape  and  size  of  the  bone  that  it  replaces.  These  really  good  results, 
however,  can  only  be  expected  to  occur  when  the  affection  arises  in  one 
of  two  parallel  bones;  for  example,  in  the  leg  or  forearm.  If  the  whole 
extent  of  the  femur  or  the  humerus  be  aflfected  there  is  no  sound  bone 
to  act  as  a  splint  and  the  risk  of  shortening  and  deformity  is  very  great. 
Extension  would  have  to  be  used  after  operation,  and  great  care  taken 
to  prevent  rotation  of  the  lower  end  of  the  bone  upon  the  upper.  It  is 
only  reasonable,  therefore,  to  think  that  the  best  course  of  procedure 
in  these  cases  is  to  wait  until  a  sufficient  splint  of  new  periosteal  bone 
has  formed  before  the  sequestrum  is  removed ;  the  operation  is  described 
below.    The  risk  of  shortening  and  deformity  is  thereby  reduced,  but 
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on  the  other  hand  the  great  advantage  of  rapid  healing  and  reconstruc- 
tion of  the  aflfected  bone  is  greatly  jeopardized. 

It  occasionally  happens  that  small  sequestra  form  again  during  the 
after-progress  of  these  cases.  This  may  be  due  to  small  spicules  of  the 
original  sequestrum  having  been  left  behind  or  to  the  occurrence  of 
further  necrosis  due  to  sepsis.  These,  however,  are  easily  removed,  espe- 
cially when  their  presence  and  situation  can  be  accurately  made  out  by 
means  of  the  X-rays. 

Operation  in  long-standing  cases.  These  cases  are  less  fre- 
quently met  with  than  they  were,  as  early  operation  is  now  the  rule; 
in  them  the  sequestrum  is  deeply  placed,  being  walled  in  on  every  side 
by  masses  of  new  bone,  and  lying  in  a  cavity  lined  with  foul  granula- 
tions often  riddled  with  sinuses.  Although  it  may  be  easy  enough  to 
remove  the  sequestrum,  the  outlook  is  bad  in  the  extreme,  as  there  are 
few  tasks  in  surgery  harder  than  to  bring  about  the  closure  of  a  large 
'  septic  bone  cavity.  The  reason  for  this  is  that  the  cavity  possesses 
little  or  no  osteogenetic  power  and  is  therefore  incapable  of  obliterating 
itself  by  the  growth  of  ossifying  granulation  tissue.  The  osteogenetic 
functions  of  the  medulla  are  destroyed  quite  early  by  the  septic  inflam- 
mation, and  no  further  encroachment  of  the  healthy  medulla  upon  the 
affected  area  can  take  place  owing  to  the  blockage  of  the  medullary- 
canal  by  a  mass  of  septic  granulations  and  ossified  material.  We  thus 
get  a  rigid  cavity  incapable  of  spontaneous  obliteration,  and  some  special 
means  will  be  necessary  to  effect  its  closure. 

It  will  be  seldom  possible  to  raise  a  satisfactory  flap  over  a  bone 
that  is  the  subject  of  long-standing  septic  necrosis,  because  the  limb 
will  be  riddled  with  sinuses,  the  pus  finding  its  way  out  through  the  so- 
called  *  cloacae '  in  the  newly-formed  periosteal  bone  and  thence  through 
the  skin.  The  best  plan  is  to  make  one  or  more  longitudinal  incisions, 
including  in  them  if  possible  the  openings  of  all  the  sinuses  in  the 
skin,  the  edges  of  which  should  be  surrounded  by  elliptical  incisions  and 
removed.  The  incisions  go  down  to  bone  throughout  and  the  periosteum 
should  be  reflected  over  the  entire  area  that  the  sequestrum  is  known 
to  occupy.  The  latter  is  then  exposed  with  a  chisel  or  gouge,  begfinning 
from  one  of  the  cloacae  and  working  upwards  and  downwards  until  the 
entire  sequestrum  is  laid  bare.  When  the  sequestrum  involves  nearly 
the  whole  length  and  thickness  of  the  shaft  of  the  bone,  the  ensheathing 
layer  of  newly-formed  periosteal  bone  might  be  so  damaged  as  to  render 
the  limb  liable  to  fracture  if  sufficient  bone  were  removed  to  expose 
the  sequestrum  fully.  Under  these  circumstances  it  is  customary  to 
expose  one-half  of  the  sequestrum,  cut  it  across  with  powerful  cutting- 
pliers  or  with  a  Gigli's  saw,  and  then  to  remove  the  exposed  half,  and 
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afterwards  pull  the  other  half  down  into  the  trough  thus  left,  whence 
it  can  be  removed  in  its  turn.  Careful  examination  must  be  made  to 
see  that  all  the  dead  bone  has  been  removed. 

After  removal  of  the  dead  bone  the  foul  granulations  by  which 
it  has  been  surrounded  are  scraped  away,  and  the  cavity  resulting  is 
douched  with  peroxide  of  hydrogen  solution  (ten  volumes  per  cent.), 
after  which  undiluted  carbolic  acid  is  applied  freely  to  its  walls  so  as 
to  purify  it  as  thoroughly  as  possible.  The  skin  is  then  brought  together 
over  the  cavity  by  a  few  interrupted  silkworm-gut  stitches,  but  ample 
drainage  should  be  provided  for  at  both  ends  of  the  wound.  The  limb 
is  put  on  a  splint,  and  peroxide  of  hydrogen  solution  is  used  freely  in 
the  after-treatment.  Under  these  conditions  it  may  be  possible  to  get 
gradual  obliteration  of  the  cavity  if  the  disease  has  been  only  superficial 
and  enough  of  the  enshea thing  layer  has  been  removed.  If,  however,  a 
persistent  sinus  should  remain,  one  of  the  following  methods  for  oblitera- 
tion of  bone  cavity  must  be  employed : — 

OPERATIONS  FOR  THE  OBLITERATION  OF  SEPTIC  CAVITIES 

IN  BONE 

Closure  of  a  cavity  in  bone  is  practically  impossible  as  long  as 
sepsis  persists,  and  obviously  the  first  step  in  the  treatment  is  to  secure 
asepsis;  otherwise  the  cavity  will  discharge  indefinitely.  Sometimes  it 
is  fairly  easy  to  make  a  cavity  of  this  kind  aseptic,  but  sometimes  it  is 
impossible.  The  easy  cases  are  those  where  there  is  a  single  sinus  lead- 
ing directly  into  the  cavity  through  an  opening  wide  enough  for  the 
discharge  to  escape  freely.  When  the  cavity  is  small  and  the  bone  is 
large,  as,  for  instance,  when  a  sinus  leads  into  a  minute  abscess  in 
the  head  of  the  tibia,  the  possibility  of  removal  of  the  septic  area  is 
increased. 

In  all  cases  every  attempt  must  be  made  to  eradicate  sepsis  before 
the  operation  for  closure  is  undertaken.  A  free  outlet  for  septic  dis- 
charges must  be  secured,  undermined  areas  of  skin  must  be  slit  up, 
sinuses  opened,  drainage  tubes  of  large  size  inserted,  and  an  oxidizing 
agent  such  as  peroxide  of  hydrogen  employed.  The  cavity  may  be 
filled  up  from  time  to  time  in  i  in  20  carbolic  solution,  which  is  left 
in  situ  for  ten  or  fifteen  minutes  so  as  to  prolong  its  effect,  and  the 
cavity  may  be  scraped  with  a  sharp  spoon  from  time  to  time  under 
local  analgesia,  followed  by  the  application  of  undiluted  carbolic  acid 
to  its  walls. 

The  operation  for  closure  of  the  cavity  may  be  undertaken  when  it 
is  apparent  either  that  the  amount  of  sepsis  is  practically  negligible  or 
that  the  improvement  under  the  above  treatment  has  come  to  a  standstill. 
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Its  object  is  twofold;  it  aims  first  at  making  the  cavity  aseptic  and  then 
at  securing  its  obliteration. 

The  parts  must  be  purified  with  the  most  scrupulous  care.  All  sinuses 
should  be  plugged  with  wool  impregnated  with  liquefied  carbolic  acid, 
which  must  not  be  allowed  to  run  over  the  sound  skin.  When  this  has 
been  done,  the  skin  around  is  purified  in  the  usual  manner,  and  then 
the  orifice  of  each  sinus  is  included  in  an  elHptical  incision  and  the  entire 
sinus  removed  right  down  to  the  bone.  Suitable  incisions  for  exposure 
of  the  affected  area  are  then  carried  down  to  the  bone  and  the  soft 
parts  are  turned  back.  These  incisions  will  generally  be  parallel  to  the 
long  axis  of  the  cavity. 

When  the  cavity  has  been  properly  exposed,  the  surgeon  attempts 
to  make  it  aseptic.  The  only  really  satisfactory  method  of  doing  this  is 
entire  removal  of  the  walls  of  the  cavity  for  a  sufficient  distance  beyond 
the  area  of  sepsis.  With  this  end  in  view  the  cavity  is  first  swabbed  out 
with  liquefied  carbolic  acid  to  destroy  the  more  superficial  organisms, 
and  its  extent  is  accurately  defined  with  a  probe;  then  all  the  walls 
of  the  cavity  are  removed  with  a  mallet  and  chisel  or  gouge  for  a  full 
quarter  of  an  inch  all  round.  The  operation  is  practically  similar  to 
mortising  a  hole  in  wood,  and  the  portion  that  is  to  be  removed  should 
be  marked  out  on  the  surface  of  the  bone  in  the  same  way  before  any 
is  cut  away.  The  chief  difficulty  lies  in  removing  the  floor  of  the  cavity 
efficiently,  but  in  cases  of  doubt  there  is  no  objection  to  going  right 
through  the  bone  and  removing  the  compact  tissue  on  the  opposite  side. 
The  ordinary  carpenter's  mortising  chisel  is  a  useful  tool  for  this  purpose; 
in  any  case  fine  instruments  should  be  used  and  great  care  must  be  taken 
to  avoid  fracturing  the  bone,  as  the  amount  removed  will  always  be  rather 
large  compared  with  the  thickness  of  the  bone. 

If  the  situation  and  size  of  the  cavity  allow  of  this  procedure  being 
carried  out  satisfactorily,  it  follows  that  it  results  in  the  production  of 
an  aseptic  cavity;  this  is  treated  in  the  manner  recommended  on  p.  691. 
Should  it  fail,  however,  the  surgeon  should  try  one  of  the  following 
plastic  operations  before  he  considers  the  serious  alternative  of  amputa- 
tion or  the  vexatious  one  of  abandoning  active  treatment  in  favour  of 
lifelong  drainage. 

Plastic  operations  upon  bone  cavities,  (i)  Bet^elling  off  the  edges 
of  a  cavity.  When  a  cavity  in  bone  cannot  be  closed  by  the  formation  of 
tissue  from  within,  the  simplest  alternative  is  to  endeavour  to  effect  its 
closure  by  causing  the  soft  tissues  outside  to  adhere  to  its  walls  and  thus 
to  produce  a  skin-lined  depression  in  the  bone.  This  may  be  done  in 
some  cases  in  a  very  simple  manner.  Thus  when  there  is  a  long  bone 
with  a  deep  cavity  running  throughout  the  greater  part  of  its  length. 
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and  this  cavity  cannot  be  made  to  close  in  any  other  way,  it  may 
be  converted  into  a  broad  flat  groove  or  depression,  into  which  the 
skin  and  subcutaneous  tissues  can  be  pressed  so  that  they  lie  in  close 
apposition  with  the  bone,  to  which  they  will  adhere  in  the  course  of 
healing.  This  method  is  specially  suited  for  cavities  in  the  tibia,  and 
many  successful  results  have  been  obtained  in  this  way.    The  diagram 


Fic.  272,  Obliteration  of  a  Cavity  in  the  Shaft  of  the  Tibia,  The 
diagram  shows  how  the  soft  parts  are  pressed  down  into  the  groove  into  which 
the  cavity  has  been  converted. 

(see  Fig.  272)  explains  how  it  is  done.  The  method  has  the  great 
advantage  that  complete  asepsis  is  not  essential  for  its  success;  should 
suppuration  occur,  the  soft  tissues  will  still  adhere  if  satisfactory  drain- 
age be  provided. 

(2)  The  use  of  skin  daps  or  skin  grafts.  This  method  is  similar  in 
principle  to  the  preceding  one,  and  may  be  adopted  for  those  cases  in 
which  the  depth  at  which  the  bone  is  situated  or  the  size  or  shape  of  the 
cavity  prohibits  satisfactory  bevelling  of  its  edges.    It  may  be  employed, 
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for  instance,  in  the  case  of  the  femur,  where  the  depth  of  the  gutter  in  the 
bone  from  the  surface  is  so  great  that  the  skin  cannot  be  made  to  reach 
down  to  it.  Under  these  circumstances  Thiersch's  skin  grafts  may  be 
tried,  or  a  skin  flap  fashioned  from  the  thigh  and  retaining  its  connexion 
with  it  by  means  of  a  pedicle  may  be  turned  into  the  gap  and  pressed  well 
down  into  contact  with  the  bone.  An  abscess  cavity  in  the  head  of  the 
tibia  may  sometimes  be  treated  in  a  similar  manner.  It  cannot  be  said, 
however,  that  this  method  is  very  successful  as  a  rule.  Generally  the 
amount  of  sepsis  present  or  insufficient  blood-supply  of  the  flap  brings 
about  death  of  the  graft. 

(3)  '  Stopping '  the  cavity  with  foreign  substances.  A  favourite  plan 
with  many  surgeons  is  to  make  the  cavity  aseptic  and  then  fill  it  with 
some  foreign  material,  just  as  a  tooth  is  stopped,  and  finally  to  bring  the 
soft  parts  together  over  it  and  secure  primary  union.  This  is  theoreti- 
cally a  simple  plan,  but  the  weak  point  in  it  is  the  difficulty  of  securing 
asepsis  in  these  cavities  and  the  certainty  of  failure  if  a  foreign  body 
be  introduced  into  a  septic  cavity. 

The  first  method  suggested  for  stopping  these  cavities  was  the  use 
of  decalcified  bone,  or  sponge  rendered  thoroughly  aseptic.  This  was 
supposed  to  form  a  soft  trabecular  framework  in  which  the  blood -clot  was 
caught  and  underwent  organization.  I  have  tried  decalcified  bone  in 
many  cases  and  have  been  almost  invariably  disappointed  with  the  results. 
The  slightest  amount  of  sepsis  causes  it  to  deliquesce  and  escape  from  the 
wound,  whilst  in  an  aseptic  case  it  is  not  necessary  (see  p.  653). 

The  more  recent  plan  is  the  stopping  introduced  by  Von  Mosctig 
Moorhof  of  Vienna.  This  is  a  sterilized  iodoform  wax  (iodoform,  sixty 
parts;  spermaceti,  forty  parts;  and  oil  of  sesame,  forty  parts).  This 
is  heated  until  it  is  fluid,  and  is  poured,  while  still  hot,  into  the  cavity, 
which  has  been  previously  scrupulously  dried. ^  It  finds  its  way  into  all 
the  crevices  of  the  cavity  and  eflfectually  stops  it  and  then  hardens  in 
situ.  The  stopping  should  be  made  flush  with  the  surface  of  the  bone, 
and  the  soft  parts  are  then  brought  together  over  it.  Most  surgeons 
advise  that  a  drain  should  be  left  in,  but  this  should  not  be  necessary  if 
asepsis  has  been  secured. 

This  method  has  been  strongly  advocated,  and  much  success  has 
been  reported  by  Von  Moorhof  and  others.  Personally  I  have  had 
disappointing  results,  and,  from  a  number  of  cases  that  have  come 
under  my  notice,  my  conviction  is  that  when  it  is  possible  to  obtain  a 

*  Professor  Silbermark  of  Vienna  takes  the  precaution  of  drying  the  bone 
cavity  previous  to  the  introduction  of  the  wax  by  means  of  a  hot-air  blast  from  a 
special  apparatus.  This  is  to  allow  intimate  penetration  of  the  wax  into  the  bone 
spaces,  which  restrains  bleeding,  and  thus  is  antagonistic  to  sepsis. 
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really  aseptic  cavity  it  is  easy  to  obliterate  it  by  merely  bringing  the  soft 
parts  over  it,  but  that  every  method  of  treatment  is  likely  to  fail  when 
sepsis  remains  in  the  cavity.  It  is  to  the  question  of  securing  asepsis 
that  the  surgeon  must  devote  his  attention  rather  than  to  the  particular 
method  that  he  employs  for  obliterating  the  cavity. 

REMOVAL  OF  A  SEQUESTRUM  DUE  TO  SYPHILITIC  OR  THE 

SO-CALLED  '  QUIET '  NECROSIS 

These  operations  may  be  divided  into  those  upon  aseptic  and  those 
upon  septic  cases;  the  operations  upon  the  latter  have  been  described 
above.  This  distinction  is  of  practical  importance,  for  whereas  it  is 
comparatively  easy  to  expose  and  remove  a  sequestrum  in  an  aseptic 
case  so  as  to  secure  primary  union  and  permanent  healing  afterwards, 
the  conditions  are  quite  different  in  the  case  of  septic  necrosis. 

Operations  upon  aseptic  cases.  Before  operation  is  undertaken, 
the  exact  position,  shape,  and  size  of  the  sequestrum  should  be  ascer- 
tained, if  possible  by  means  of  a  stereoscopic  radiogram;  this  will  help 
to  determine  to  which  aspect  of  the  bone  the  sequestrum  is  nearest.  The 
incision  is  planned  according  to  the  data  thus  obtained,  and,  if  possible, 
exposure  of  the  cavity  containing  the  sequestrum  should  be  effected  by 
means  of  a  flap  that  will  cover  the  opening  in  the  bone,  so  that  the  wound 
may  be  closed  without  drainage;  the  risk  of  leakage  and  subsequent 
septic  infection  is  thereby  greatly  reduced. 

The  knife  should  go  down  to  bone  throughout  when  marking  out  the 
flap,  so  that  the  periosteum  can  be  raised  along  with  the  flap  when  this 
is  reflected.  If  for  any  reason  it  is  impossible  to  do  this  satisfactorily, 
the  flap  should  be  raised  first  and  the  periosteum  then  incised  crucially 
and  turned  aside  with  a  rugine  over  the  area  of  bone  to  be  removed.  The 
flap  must  be  large  enough  to  allow  the  sequestrum  to  be  removed  with- 
out risk  of  doing  damage  or  of  leaving  portions  of  dead  bone  behind. 
The  bone  over  the  sequestrum  is  cut  away  with  a  gouge  or  chisel  until 
the  sequestrum  is  entirely  exposed  and  can  be  lifted  out  of  its  bed  with 
sequestrum  forceps.  The  cavity  left  is  carefully  dried  (for  which  pur- 
pose a  few  drops  of  adrenalin  are  excellent),  so  that  it  can  be  seen 
whether  any  spicules  have  been  left  behind  and  whether  there  is  any  gran- 
ulation tissue  that  needs  removal.  An  attempt  is  then  made  to  secure 
primary  union  (vide  infra),  which  often  succeeds  in  these  aseptic  cases. 

OPERATIONS  FOR  THE  OBLITERATION  OF  ASEPTIC  CAVITIES 

IN  BONE 

Indications.  These  operations  are  not  confined  to  cases  in  which 
a  sequestrum  has  been  removed.    After  the  removal  of  a  myeloid  sarcoma 
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from  a  bone,  for  instance,  a  cavity  is  left  which  requires  special  measures 
for  its  closure. 

The  surgeon  not  infrequently  excavates  a  deep  trench  in  a  long  bone 
for  the  relief  of  pain  in  chronic  osteitis  and  leaves  a  cavity  comparable 
to  that  from  which  a  sequestrum  has  been  removed.  This  requires  to 
be  closed. 

After  a  chronic  abscess  in  the  head  of  the  tibia  has  been  opened  it 
is  important  that  the  cavity  should  be  obliterated  at  once. 

Operation.  Many  methods  have  been  employed  for  this  purpose; 
the  majority  of  them  are  referred  to  in  connexion  with  the  closure  of 
septic  bone  cavities  (see  p.  688).  In  my  experience,  however,  they  are 
rarely  necessary  in  aseptic  cases.  The  simplest  method  of  obtaining 
closure  here  is  to  bring  the  soft  parts  together  over  the  cavity,  which 
is  allowed  to  fill  with  blood-clot ;  healing  of  the  soft  parts  occurs  and  is 
followed  by  gradual  organization  of  the  blood-clot.  Many  surgeons, 
in  referring  to  this  method,  reject  it  on  the  ground  that  primary  union  is 
very  difficult  to  attain  under  these  circumstances,  and  that  the  wound 
almost  invariably  breaks  down.  This  is  altogether  opposed  to  my  experi- 
ence. I  have  treated  a  number  of  bone  cavities  due  to  all  the  causes 
enumerated  above  with  success  by  this  method.  Out  of  fourteen  cases 
of  which  I  have  records,  only  one  failed  to  heal  by  primary  union ;  that 
was  a  myeloid  sarcoma  of  the  lower  end  of  the. femur  in  a  young  lady, 
which  left  a  cavity  in  the  condyles  nearly  the  size  of  the  closed  fist 
after  it  had  been  enucleated.  The  haemorrhage  at  the  operation  was 
profuse,  and  the  oozing  when  the  wound  was  sewn  up  was  more  free 
than  was  desirable.  The  result  was  a  small  subcutaneous  haematoma, 
the  contents  of  which  were  let  out  by  separating  the  edges  of  the  wound, 
and  a  sinus,  discharging  serum,  remained  for  rather  more  than  six 
weeks  after  the  operation.  This,  however,  then  healed  soundly  and 
permanently  without  suppuration,  and  the  patient  has  remained  well 
up  to  the  present  time,  a  period  of  nearly  four  years.  Careful  examina- 
tion of  cases  that  have  failed  leads  to  the  conclusion  that  the  causes  of 
failure  are  two  in  number,  either  sepsis,  which  is  the  more  common  cause, 
or  too  free  oozing,  which  leads  to  the  formation  of  a  haematoma  that 
has  to  be  drained  and  is  difficult  to  keep  aseptic. 

The  preliminary  steps  of  the  operation  have  already  been  described 
(see  p.  688).  Absolute  dryness  of  the  wound  should  be  effected  before 
bringing  the  soft  parts  together  over  it.  Exposure  to  the  air  often  suffices 
to  check  the  bleeding,  but,  should  this  fail,  a  few  drops  of  adrenalin 
chloride  (i  in  i.ooo)  poured  into  the  cavity  may  suffice.  The  cavity  is 
watched  to  see  the  rate  at  which  it  fills  with  blood.  If  this  occurs  slowlv, 
clotting  will  go  on  pari  passu,  and,  by  the  time  the  cavity  has  filled,  the 
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soft  parts  may  be  sutured  closely  over  it.  If  there  is  still  oozing,  the 
cavity  may  be  washed  out  first  with  alcohol,  then  with  alcohol  and  ether, 
and  finally  with  ether  alone.  Following  this,  Silbermark's  hot-air  blast 
(see  Deutsch.  Zeit.  /.  Chir,,  1904,  vol.  Ixvi,  p.  589)  may  be  employed, 
but  it  is  rather  difficult  to  use  eflfectually.  No  drainage  tube  should  be 
inserted ;  the  pressure  of  the  dressing  serves  to  check  venous  oozing.  The 
limb  is  put  upon  a  splint,  elevated  somewhat,  and,  unless  complications 
arise,  is  not  dressed  until  the  tenth  day,  when  the  stitches  may  be 
removed  and  the  wound  should  be  healed. 


BONE-TRANSPLANTATION 

During  the  past  ten  years  bone-transplantation  has  been  put  upon  a 
sound  scientific  basis.  Much  of  this  is  due  to  the  untiring  efforts  of 
Macewen  of  Glasgow,  Murphy,  and  Axhausen.  In  order  to  have  a 
thorough  understanding  of  the  subject,  it  is  well  to  consider  the  theories 
of  these  various  men  and  to  see  what  bearing  their  work  had  upon  our 
present-day  knowledge  of  the  subject. 

Macewen  advocated  that  the  proliferation  of  bone  in  the  transplant 
was  due  solely  to  the  osteoblasts  within  the  bone  itself  and  that  regenera- 
tion took  place  independently  of  the  periosteum.  He  further  advocated 
that  the  periosteum's  sole  function  in  the  transplant  was  to  limit  the 
extent  of  bone  regeneration. 

Murphy  was  of  the  opinion  that  bone  regeneration  took  place  solely 
from  the  ends  of  the  living  bones  and  that  the  graft  acted  solely  as  a 
scaffolding  for  the  reproduction  of  new  bone. 

Axhausen  maintained  that  bone  regeneration  was  from  the  peri- 
osteum and  that  the  bone  graft  was  absorbed  and  replaced  by  new 
bone. 

These  various  theories  have  been  more  or  less  clarified  and  combined 
by  the  rather  extensive  experimental  work  of  Phemister,  who  proved 
without  a  shadow  of  doubt  that  regeneration  of  bone  takes  place  not 
only  from  the  periosteum  but  from  the  endosteum  and  from  the  osteo- 
blasts about  the  Haversian  system.  The  life  of  the  transplant  is  de- 
pendent upon  its  nutrition.  Since  the  periqsteum  of  the  transplant  is  in 
direct  contact  with  the  fluids  of  the  body  and  is  readily  permeable  by 
capillaries,  any  osteogenetic  cells  which  might  be  present  will  at  once  be- 
come active  and  of  necessity  bone  regeneration  will  be  much  more 
prompt.  The  same  applies  to  the  endosteum.  Owing  to  the  fact  that 
the  osteogenetic  cells  which  lie  within  the  cortex  of  the  bone  are  not  in 
direct  contact  with  nutrition,  except  that  nutrition  may  reach  them 
through  the  Haversian  system,  they  of  necessity  will  not  proliferate  so 
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rapidly  and  regeneration  due  to  these  cells  will  be  much  slower  than  in 
the  other  two  sources. 

To  summarize  these  various  theories  and  to  combine  them  into  a 
sound  scientific  hypothesis,  one  might  say  that  the  bone  in  the  transplant 
is  absorbed  and  replaced  by  a  process  of  *  creeping  substitution.'  As 
the  bone  of  the  cortex  slowly  disappears,  it  is  replaced  by  bone  derived 
from  the  osteogenetic  cells  of  the  periosteum,  endosteum,  and  cells  of  the 
cortex  which  are  in  contact  with  nutrition. 

It  seems  definitely  well-established  that  Roux's  law  still  holds  true 
and  that  the  transplant  undergoes  peculiar  changes  for  functional  adapta- 
tion depending  upon  its  location  and  its  requirements.  Some  observers, 
notably  McWilliams,  still  believe  that  bone  with  the  periosteum  intact 
when  transplanted  into  subcutaneous  tissue  and  where  there  is  no  func- 
tional demand  made  upon  it  will  live  for  an  indefinite  period  of  time  and 
even  have  a  tendency  to  proliferate.  This  is  in  marked  contrast  to  the 
opinions  of  most  scientific  observers. 

A  bone  transplant,  if  prepared  according  to  our  modem  conception, 
should  be  taken  from  the  same  individual  into  which  it  is  to  be  trans- 
planted and  should  consist  of  the  cortex  with  its  covering  periosteum 
and  endosteum.  Transplants  taken  from  other  individuals,  if  necessity 
demands  such  a  procedure,  should  be  taken  from  a  near  relative  with  the 
possibility  of  syphilis  excluded..  Grafts  taken  from  the  lower  animals 
usually  do  not  survive,  due  to  the  changed  serological  reactions.  They 
may,  however,  be  used  as  scaffolding  upon  which  surrounding  periosteum 
or  bone  cells  may  grow. 


INDICATIONS  FOR  BONE-TRANSPLANTATION 

Murphy's  classification  of  the  indications  for  bone-transplantation 
cannot  be  improved  upon.     He  tabulates  them  as  follows: 

1.  To  correct  deformities  resulting  from  defects  of  development, 
as  aplastic  extremital  bones,  congenital  and  acquired  saddle-nose,  aplastic 
mandible,  spina  bifida,  etc. 

2.  To  produce  union  in  ununited  fractures. 

3.  To  replace  bone  removed  by  destructive  infections,  osteomyelitis, 
tuberculosis,  lues,  etc. 

4.  To  restore  or  supplant  fragments  dislodged  or  destroyed  by 
fractures. 

5.  To  replace  bone  removed  for  non-malignant  neoplasms,  cysts, 
myelomas,  osteitis  fibrosa,  etc. 

6.  To  replace  lx>ne  removed  for  incapsulated  malignant  disease,  as 
giant-celled  sarcoma,  etc. 
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7.  To  immobilize  joints,  as,  for  example,  those  with  too  great  loose- 
ness, resulting  from  Charcot  joint  or  infantile  paralysis,  and  for  the  cure 
of  tuberculosis,  as  bone-grafting  for  a  tuberculous  spine. 


TYPES  OF  BONE-TRANSPLANTATION 

1.  Transplantation  of  non-attached  grafts. 

2.  Transplantation  of  attached  bone  grafts. 

3.  Transplantation  of  bone  chips. 

4.  Transplantation  of  the  shaft  with  its  articular  end. 

5.  Transplantation  of  periosteal  flaps. 

6.  Transplantation  of  dead  bone. 

7.  Transplantation  of  joints. 


TRANSPLANTATION  OF  NON-ATTACHED  GRAFTS 

Technic.  Bone  transplants  will  not  survive  in  the  presence  of  any 
degree  of  infection.  Consequently,  asepsis  plays  a  major  role  in  the 
technic  of  bone-transplantation.  No  doubt  a  transplant  will  survive  in 
the  presence  of  an  infection  of  low  degree.  In  these  cases  there  will  be 
excessive  production  of  bone  with  an  irregularity  in  contour.  This  is 
partially  due  to  the  destruction  of  portions  of  the  bone  by  infection  and 
by  the  over-production  of  certain  osteogenetic  cells. 

The  proper  time  to  do  bone-transplantation  depends  upon  variable 
factors.  The  observations  of  the  military  surgeons  during  the  present 
war  have  proven  to  us  that  no  aseptic  procedure  should  be  attempted  upon 
bones  under  six  months  after  the  infection  has  apparently  subsided. 
Carrel  has  shown  that  bacteria  will  continue  to  live  encapsulated  in  living 
tissues  and  will  remain  viable  for  an  extended  period  of  time.  There  is 
only  required  a  trauma  and  the  production  of  a  coagulum  to  allow  these 
bacteria  to  again  become  active.  It  seems  that  after  bacteria  have  been 
subjected  to  body  tissue  for  a  period  of  four  to  six  months,  they  have 
been  sufficiently  devitalized  or  destroyed  to  allow  us  to  undertake  opera- 
tive procedure  with  a  fair  chance  of  retaining  a  clean  wound. 

The  part  to  be  subjected  to  operative  procedure  should  be  shaven 
forty-eight  hours  before  operation.  This  detail  is  observed  for  the 
reason  that  in  the  process  of  shaving  the  part  very  frequently  small 
abrasions  of  the  skin  are  produced  by  the  razor.  These  become  micro- 
scopically if  not  macroscopically  infected  and  it  is  only  reasonable  to 
allow  these  infections  to  adjust  themselves  before  the  major  procedure 
is  instituted.  The  part  should  be  mechanically  cleansed,  preferably 
with  a  very  soft  brush  and  green  soap  and  washed  with  sterile  water, 
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followed  by  cleansing  with  95^  alcohol  and  ether.  A  sterile  dressing  is 
placed  over  the  part.  The  same  procedure  of  washing,  only  probably  in 
a  little  less  degree,  can  be  instituted  the  following  day.  The  sterile  dress- 
ings are  then  left  in  position  until  the  patient  is  placed  upon  the  operating 
table,  when  they  can  be  removed  and  the  part  painted  with  tincture  of 
iodine. 

The  field  of  operation  is  surrounded  by  sterile  linen.  The  scalpel 
which  makes  the  primary  skin  incision  is  laid  aside  and  the  linen  is 
fastened  to  the  edge  of  the  skin  wound  either  with  skin  clips  or  Allis 
forceps.  Another  scalpel  is  used  to  carry  the  incision  through  the  sub- 
cutaneous tissues  and  through  the  fascial  planes.  The  muscles  are  sepa- 
rated either  through  the  fascial  planes  or  divided  with  a  scalpel,  thus  the 
incision  is  carried  down  to  the  bone.  The  incision  should  be  liberal 
enough  to  allow  ready  access  to  the  area  in  which  the  transplant  is  to  be 
made.  The  bleeding  points  are  ligated  in  order  to  secure  perfect  haemo- 
stasis.  Caution  should  be  here  instituted  in  not  placing  too  many  catgut 
ligatures  in  the  tissues.  Crushing  with  forceps  will  at  times  suffice.  Xo 
instruments  or  materials  which  enter  this  wound  should  be  touched  bv  the 
hand.     The  wound  should  be  sponged  with  gauze  compresses  on  forceps. 

The  ends  of  the  bones  are  freed  from  the  overlying  soft  tissues  and 
the  fibrous  tissue  at  the  ends  is  removed  with  bone-cutting  forceps.  The 
size  of  the  transplant  to  be  used  is  decided  upon  and  the  wound  is  then 
packed  with  sterile  gauze.  This  transplant  is  taken  from  a  suitable  loca- 
tion— usually  the  anterior  ridge  of  the  tibia  is  chosen.  The  same  technic 
is  used  for  removing  the  transplant  as  was  employed  in  the  preparation 
of  the  bed.  The  transplant  can  be  removed  by  circular  saws  driven  by  an 
electric  motor,  care  being  taken  to  retain  the  periosteal  covering  of  the 
transplant.  This  transplant  is  not  touched  by  the  hand,  but  is  held  by 
forceps  and  placed  in  the  bed  prepared  for  it.  It  is  preferable  to  fix  the 
ends  of  the  transplant  into  the  adjacent  ends  of  the  living  bone,  either 
by  allowing  it  to  impinge  in  the  medullary  canal  or  to  make  a  dove-tail 
and  fasten  it  with  bone  pegs  taken  from  the  same  individual.  The 
transplant  should  never  be  fastened  with  non-absorbable  material,  such 
as  nails,  screws,  wires,  etc.  These  act  as  foreign  irritating  bodies  and 
produce  rapid  absorption  of  the  transplant  and  infection  is  much  more 
likelv  to  occur. 

The  soft  tissues  are  closed  by  catgut  sutures  and  the  skin  closed  by 
either  clips  or  silk  sutures.  The  part  should  be  immobilized  and  if  there 
is  a  possibility  of  retraction  due  to  the  action  of  the  muscles,  an  extension 
should  be  placed  upon  the  part. 
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TRANSPLANTATION  OF  ATTACHED  BONE  GRAFTS 

This  procedure  is  rarely  ever  used  at  the  present  day,  since  it  has  no 
apparent  advantage  over  the  free  bone  transplant.  Several  operations 
have  been  devised.     Chief  among  them  are : 

1.  Ollier's  operation  of  pars  renversement.  This  operation  consists 
of  cutting  a  triangular  wedge  of  bone  with  the  periosteum  attached  from 
the  end  of  one  fragment,  after  the  ends  of  the  bone  have  been  freed  from 
fibrous  tissue.  This  wedge  is  turned  allowing  the  point  to  impinge  on 
the  fragment  below,  where  it  is  fastened  with  chromicized  catgut.  In 
this  case  the  periosteum  is  the  permanent  pedicle. 

2.  outer's  operation  of  pars  glissement.  After  the  ends  of  the  bone 
have  been  freed  by  removing  the  fibrous  tissue,  a  triangular  piece  of  bone 
is  cut  from  the  upper  fragment  with  its  periosteum  intact.  The  soft 
parts  are  not  separated  from  this  fragment.  The  fragment  is  then 
pushed  down  in  contact  with  the  end  of  the  bone  below  and  fastened. 
In  this  case  the  soft  parts  form  the  permanent  pedicle. 

3.  Ollier's  operation  for  implantation.  This  operation  is  designed 
to  replace  a  defect  in  one  of  two  parallel  bones.  The  ends  of  the  frag- 
ments, as  in  the  previous  operation,  are  freed  from  fibrous  tissue.  A 
corresponding  segment  of  the  opposite  bone  is  separated,  allowing  it  to 
retain  its  soft  tissue  pedicle.  This  transplant  is  turned  and  implanted 
into  the  defect  of  the  opposite  bone,  where  it  is  sutured. 

4.  Huntington  or  Hahn's  operation.  This  operation  is  designed  for 
cases  having  an  extensive  loss  of  the  tibia  but  with  the  fibula  intact. 
Through  an  incision  over  the  lower  end  of  the  upper  fragment  the  end 
of  the  fragment  and  the  fibula  are  exposed.  The  end  of  the  tibia  is 
freshened  by  removing  the  fibrous  tissue.  The  fibula  is  cut  oflf  at  this 
level,  inserted,  and  fastened  to  the  lower  end  of  the  upper  fragment  of 
the  tibia.  The  wound  is  now  closed.  From  four  to  six  months  later 
the  upper  end  of  the  lower  fragment  of  the  tibia  is  exposed  and  fresh- 
ened, as  in  the  case  of  the  upper  fragment,  the  fibula  cut  oflf  and  trans- 
planted into  the  upper  portion  of  the  lower  fragment.  The  whole  opera- 
tion may  be  done  at  one  sitting.  In  these  cases  the  fibula  soon  takes  on 
the  size  of  the  tibia  on  account  of  the  demand  placed  upon  it. 

TRANSPLANTATION  OF  BONE  CHIPS 

In  the  certain  cases  where  there  is  only  a  small  amount  of  destruction 
of  bone  Macewen  advocates  filling  this  defect  with  bone  chips.  As 
demonstrated  by  Phemister,  these  chips  are  surrounded  by  nutrition,  the 
osteogenetic  cells  from  the  cortex  proliferate,  and  the  chips  become  united 
by  the  process  of  callus  formation,  so  that  regeneration  of  bone  is  quite 
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rapid.     In  these  cases  it  is  not  necessary  that  the  fragments  have  any 
attached  periosteum  for  the  reasons  given  above. 

TRANSPLANTATION  OF  THE  SHAFT  WITH  ITS  ARTICULAR  END 

Roseving  has  transplanted  a  portion  of  the  fibula  with  its  articular 
end  into  the  upper  end  of  a  resected  humerus.  Walther  and  De  Gouvea 
transplanted  the  fibula  into  the  lower  end  of  a  resected  radius,  each  with 
apparently  good  results.  The  consensus  of  opinion  is  that  the  trans- 
plantation of  the  diaphysis  of  the  bone  with  the  epiphysis  is  not  a  reliable 
procedure.  In  cases  in  which  the  articular  end  of  the  bone  must  be  re- 
moved better  results  are  being  obtained  by  doing  an  ordinary  non- 
pedunculated  transplant  and  later  an  arthroplasty  according  to  Murphy's 
method  or  some  modification. 

TRANSPLANTATION  OF  PERIOSTEAL  FLAPS 

Codivilla  after  preparing  the  ends  of  the  bone  unites  them  with  wire 
suture  and  then  places  about  this  suture  a  piece  of  periosteum  to  which 
is  attached  a  small  shell  of  bone.  He  removes  this  periosteum  from  a 
convenient  bone.  Brade  uses  the  periosteum  alone  and  obtains  equally 
good  results. 

TRANSPLANTATION  OF  DEAD  BONE 

Crouch  uses  a  graft  of  bone  from  which  the  periosteum  and  cndos- 
teum  have  beeti  removed  and  the  graft  boiled  and  soaked  in  ether  to  re- 
move the  fat.  This  transplant  is  inserted  in  the  same  manner  as  an  auto- 
genous bone  graft. 

Kiittner  and  Brewer  have  used  a  similar  technic  with  apparently  good 
results.  In  these  cases  the  transplants  are  human  bone  taken  after  death 
and  the  transplant  undoubtedly  acts  simply  as  a  scaffolding,  and  with 
the  absorption  of  the  transplant  regeneration  from  the  ends  of  the 
living  bone  fills  the  corresponding  defect. 

TRANSPLANTATION  OF  JOINTS 

This  procedure  has  been  almost  a  universal  failure.  Lexer  reports  a 
case  of  transplantation  of  an  entire  knee-joint,  the  graft  being  obtained 
from  a  cadaver  eight  hours  after  death.  Due  to  an  infection  the  entire 
transplant  had  to  be  subsequently  removed  and  replaced  by  a  graft  taken 
from  a  freshly  amputated  leg.  The  latter  gave  fair  results.  The  pres- 
ent-day status  for  the  formation  of  joints  seems  to  incline  towards  the 
reproduction  of  the  diaphysis  by  a  transplant  and  the  subsequent  forma- 
tion of  a  joint  by  arthroplastic  procedure. 


CHAPTER  III 
OPERATIONS  UPON  FRACTURES 

Operative  interference  in  fractures  may  be  required  under  a  variety 
of  circumstances.  Thus  the  broken  ends  may  have  to  be  fixed  imme- 
diately after  the  occurrence  of  the  fracture,  either  in  compound  or  simple 
fractures;  on  the  other  hand,  operative  interference  may  not  be  required 
until  some  considerable  time  has  elapsed,  when  an  operation  will  become 
necessary  to  rectify  union  of  the  bone  in  bad  position  or  to  remedy  want 
of  union.    Thus  we  distinguish : 

1.  Operations  upon  recent  fractures,  including  those  upon  (a)  simple 
and  (b)  compound  fractures;  and 

2.  Operations  upon  fractures  of  long  standing,  including  operations 
for  (a)  mal-union  and  (&)  non-union. 

OPERATIONS  UPON  RECENT  FRACTURES 

Indications.  These  include  the  operations  which  are  performed 
before  union  has  had  time  to  take  place.    They  will  be : 

(i)  Operations  undertaken  as  a  matter  of  routine  for  certain  frac- 
tures which  cannot  be  treated  satisfactorily  otherwise;  for  example,  those 
of  the  patella  and  the  olecranon  in  which  the  line  of  fracture  is  transverse 
and  the  separation  is  marked.  According  to  some  surgeons,  all  oblique 
fractures  of  the  tibia  and  the  fibula  also  call  for  immediate  operation; 
their  view  is  that  the  obliquity  of  the  fracture  renders  satisfactory 
apposition  by  splints  impossible,  and  therefore  the  patient's  ability  to 
earn  his  living  is  seriously  diminished.  There  is,  however,  no  definite 
proof  that  such  a  statement  is  warranted;  this  subject  is  referred  to 
more  fully  below. 

(ii)  Operations  upon  compound  fractures  in  which  the  wound  com- 
municates freely  with  the  fracture;  and 

(iii)  Operations  undertaken  with  the  object  of  reducing  a  deformity 
which  is  irreducible  by  any  other  means,  as  in  some  cases  of  fracture 
in  the  vicinity  of  joints. 

(iv)  Operations  undertaken  for  the  fixation  of  fragments  that  it  is 
impossible  to  keep  in  apposition  by  any  other  means.  This  important 
group  will  include  many  fractures  involving  an  articular  cavity. 
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Before  proceeding  to  describe  the  various  operations  in  use  it  will 
be  advisable  to  say  a  few  words  with  regard  to  the  present  state  of 
opinion  as  to  the  advisability  of  operating  upon  fractures. 

Operations  upon  recent  simple  fractures.  Certain  points  are 
no  longer  in  dispute.  Thus  all  surgeons  are  agreed  that  no  fracture 
should  be  operated  upon  if  it  can  be  got  into  good  position  and  main- 
tained there  by  other  means.  There  is  no  doubt  that  operations  upon 
fractures  both  recent  and  of  long  standing  are  still  amongst  the  serious 
operations  of  surgery,  and  rank  high  among  the  cases  in  which  asepsis 
is  difficult  to  secure.  The  excessive  extravasation  of  blood,  the  bruising 
of  the  parts,  and  the  prolonged  and  often  powerful  manipulations  neces- 
sary to  secure  and  maintain  apposition,  all  favour  infection  of  the  wound, 
and  the  operation,  therefore,  is  not  one  to  be  undertaken  by  any  one 
who  is  doubtful  of  his  ability  to  secure  perfect  asepsis.  It  is  essential, 
therefore,  that  operative  interference  should  be  limited  to  cases  in  which 
it  is  absolutely  necessary.  At  the  present  time  the  success  or  failure  of 
endeavours  to  set  a  fracture  can  be  checked  with  accuracy  by  the  X-rays, 
which  should  be  employed  in  all  cases  of  fracture  both  for  diagnosis 
and  for  ascertaining  the  results  of  treatment.  The  appearances  produced 
by  the  X-rays,  however,  may  be  extremely  misleading  if  the  ordinary 
single  negative  or  a  screen  be  used,  and  the  best  way  to  obtain  really 
reliable  knowledge  of  the  actual  condition  of  affairs  is  to  make  use  of 
good  stereoscopic  plates,  which  define  the  relative  positions  of  the  frac- 
tured surfaces  with  great  accuracy,  so  that  the  surgeon  can  base  upon 
them  not  only  his  decision  whether  to  operate,  but  the  exact  steps  of  the 
operation  and  even  the  position  of  the  incision. 

Another  point  upon  which  agreement  is  now  general  is  that  all  those 
fractures  should  be  operated  upon  in  which  there  is  no  possibility  of 
getting  the  fragments  into  good  apposition  by  any  other  means.  The 
chief  examples  of  this  class  are  those  fractures  of  the  patella  and  olecra- 
non in  which  it  is  impossible  to  secure  accurate  adaptation  by  any  other 
measures  than  operation. 

After  deducting  these  two  large  groups  of  cases  there  remains  the 
still  larger  one  about  which  there  is  some  dispute  at  the  present  day. 
One  school  of  surgeons  holds  that  operation  is  called  for  in  every  case 
in  which  the  apposition  is  not  as  good  as  could  be  reasonably  expected 
after  mechanical  fixation  of  the  fractured  ends.  Those  who  hold  this 
view  insist  that  an  oblique  fracture  of  the  tibia  and  fibula  should  be  oper- 
ated upon  at  once,  since  it  is  practically  impossible  to  get  a  fracture  of 
this  sort  into  really  accurate  apposition.  Similarly,  in  fractures  of  the 
femur  the  fractured  ends  can  seldom  be  got  into  accurate  apposition  and, 
although  union  occurs  readily  in  the  great  majority  of  cases,  a  certain 
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amount  of  shortening  always  results.  Those  who  advocate  routine  opera- 
tive interference  hold  that  most,  if  not  all,  fractures  of  the  femur  should 
be  treated  by  immediate  operation  for  these  reasons.  On  the  other  hand, 
there  are  surgeons  of  experience  who  never  interfere  in  cases  of  simple 
fracture  of  this  type  unless  they  are  called  upon  to  do  so  either  on  account 
of  faulty  union  or  non-union. 

The  safest  line  of  practice  probably  lies  in  the  middle  course  between 
these  extreme  views,  but  the  real  difficulty  is  to  determine  which  cases 
should  be  submitted  to  operation  and  which  are  best  left  alone.  As 
already  indicated,  this  difficulty  is  greatly  diminished  by  the  employ- 
ment of  stereoscopic  radiograms.  By  means  of  them  it  becomes  easy 
to  ascertain  the  exact  position  of  the  fragments,  and  a  fairly  sound 
conclusion  may  therefore  be  arrived  at  as  to  whether  union  is  likely  to 
occur,  and  whether  the  patient  is  likely  to  have  a  useful  limb  when  it 
does  occur.  Radiography  has  proved  very  valuable  in  this  respect  in 
recent  years,  and,  thanks  to  it,  certain  general  lines  of  treatment  are 
beginning  to  be  agreed  upon. 

Opinion  is  steadily  inclining  to  the  view  that  most  fractures  implicat- 
ing articular  surfaces  should  be  operated  upon  without  delay.  These 
cases  are  difficult  to  deal  with  from  the  point  of  view  both  of  coaptation 
and  fixation.  Fractures  of  the  elbow-joint,  for  example,  are  exceedingly 
trying  in  this  respect,  but  the  subsequent  usefulness  of  the  joint  is  such 
an  important  matter  that  no  effort  should  be  spared  to  obtain  success. 
The  results  obtained  from  early  operation  in  articular  fractures,  although 
by  no  means  perfect  yet,  are  nevertheless  superior  to  those  obtained 
without  it  in  the  majority  of  cases. 

Among  the  cases  that  present  the  greatest  difficulty  are  fractures  of 
the  shaft  of  the  femur.  Here,  after  splint  treatment,  union  can  be  rarely 
obtained  with  less  than  an  inch  shortening,  which  necessarily  means  a 
permanent  deformity  to  the  patient,  and  if  this  were  the  only  point 
to  be  considered  it  would  therefore  appear  that  all  fractures  of  the 
shaft  of  the  femur,  except  perhaps  those  in  elderly  patients,  would 
be  better  treated  by  immediate  operation  than  by  splints.  But  there 
are  other  considerations  to  be  taken  into  account  before  this  view  can 
be  accepted.  Thus,  for  instance,  it  is  well  known  that  the  operation 
is  not  free  from  danger;  many  cases  of  suppuration  have  occurred  after 
an  operation  of  this  kind  in  the  hands  of  most  able  surgeons,  and  even 
fatal  results  have  been  known.  Even  with  the  strictest  aseptic  pre- 
cautions the  operation  has  its  own  special  risks,  which  can  easily  be 
understood  when  the  mechanical  difficulties  of  exposing,  drilling,  and 
uniting  the  fractured  ends  are  remembered.  Moreover,  the  question  of 
sepsis  is  not  the  only  difficulty.     After  the  ends  have  been  fixed  in  a 
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perfectly  satisfactory  manner,  the  least  laxity  in  the  after-treatment 
may  allow  the  fractured  bone  to  bend  at  the  seat  of  union,  and  deformity 
and  shortening,  as  severe  as  that  for  which  operation  was  practised, 
may  ensue.  This  is  most  likely  to  occur  when  the  operation  is  done 
some  time  after  the  accident  and  the  muscles  have  become  irritable  and 
contracted,  so  that  besides  the  initial  difficulty  of  getting  the  ends  into 
apposition,  muscular  spasm  after  the  operation  is  very  likely  to  repro- 
duce the  faulty  condition. 

My  personal  experience  leads  me  to  advocate  operation  within  the 
first  week  after  the  fracture,  provided  that  the  patient  be  strong,  and 
that  a  stereoscopic  radiogram  shows  imperfect  apposition  and  definite 
overlapping.  At  this  period  the  fractured  ends  will  be  more  easily  cleared 
and  drilled,  and  the  muscles  will  not  have  become  contracted ;  apposition, 
therefore,  will  be  facilitated,  and  it  will  be  much  more  easy  to  keep  the 
limb  straight  afterwards.  In  feeble  elderly  people,  on  the  other  hand, 
operation  should  only  be  practised  if  there  be  such  displacement  as  to 
render  it  unlikely  that  union  will  occur.  In  these  cases  ambulatory  treat- 
ment in  a  Hoefftcke's  splint  answers  excellently. 

Multiple  fractures  generally  require  operative  interference,  as  it  may 
be  exceedingly  difficult  to  get  more  than  one  of  the  fractures  into  proper 
apposition  without  it.  A  radiogram,  however,  will  be  the  best  means  of 
determining  this  point. 

Fractures  combined  zvith  dislocation  invariably  call  for  operation  if 
the  best  result  is  to  be  obtained.  Certain  fractures,  such  as  those  of  the 
clavicle,  the  shaft  of  the  humerus,  the  ribs,  and  the  metacarpal  bones, 
rarely  call  for  operative  interference. 

The  question  of  mechanical  fixation.  There  is  a  general  impression 
that  an  operation  upon  a  fracture  necessarily  means  that  mechanical 
fixation  of  the  fragments  should  be  practised.  Although  such  a  pro- 
cedure may  be  necessary  in  the  majority  of  cases,  it  is  not  by  any  means 
invariably  so.  It  is  obviously  better  to  avoid  the  presence  of  foreign 
bodies  in  the  wound  unless  they  are  absolutely  essential,  and  therefore  all 
forms  of  fixation  apparatus  should  be  abandoned  when  the  conditions 
allow  of  it.  The  chief  factors  that  will  influence  the  decision  on  this 
point  will  be  the  size  and  direction  of  the  fractured  surfaces.  Broad 
transverse  fractured  surfaces  do  not  tend  to  become  displaced  after 
correct  coaptation  has  been  secured;  perfect  apposition  may  also  be 
secured  without  risk  of  displacement  when  the  fragments  are  rough  and 
serrated,  and  the  serrations  can  be  made  to  fit  into  each  other  accurately 
so  as  to  restore  the  bone  to  its  normal  contour.  Under  these  circum- 
stances the  muscular  tone  will  keep  the  fragments  in  apposition,  and  only 
ordinary  care  in  putting  up  the  limb  on  a  splint  is  required  to  prevent 
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recurrence  of  the  deformity.  When,  however,  the  fractured  surfaces  are 
very  oblique  some  form  of  mechanical  fixation  is  generally  necessary. 
The  remarks  apply  more  particularly  to  cases  of  compound  fracture. 

The  more  care  and  skill  a  surgeon  spends  on  the  coaptation  of  the 
fractured  ends  and  the  application  of  splints  under  full  anaesthesia,  the 
less  frequently  will  operative  interference  be  called  for. 

The  time  at  which  to  operate.     Extended  experience  convinces  me 
that  when  a  fracture  requires  operation  the  sooner  this  is  practised  the 
easier  it  is  to  do,  and  the  better  the  final  results  are.     Early  operation 
implies  that  the  fractured  ends  are  much  as  they  were  when  the  fracture 
occurred,  and  it  is  therefore  easy  to  turn  out  the  clot  from  around  the 
seat  of  fracture;  since  the  bone  ends  are  in  their  normal  rough  condition 
they  can  be  fitted  accurately  together,  and  due  advantage  can  be  taken 
of  any  interlocking  projections  that  may  be  present.    This  ensures  abso- 
lute accuracy  in  adapting  the  fragments.    Delay  in  operation,  on  the  other 
hand,  means  that  the  soft  parts  become  oedematous  and  infiltrated  with 
adherent  blood-clot,  the  muscles  become  tonically  contracted  so  that  it 
is  difficult  to  stretch  them  sufficiently  to  obtain  proper  coaptation  of  the 
broken  ends,  and  considerable  violence  may  have  to  be  employed,  a  point 
of  great  importance  when  the  difficulty  of  keeping  some  of  these  cases 
aseptic  is  remembered.     When  callus  is  forming,  the  fractured  ends 
get  rounded  off  and  are  less  easily  adapted  to  each  other.    The  infiltrated 
muscles  are  also  in  a  state  of  irritation,  and  may  give  rise  to  trouble 
after  the  operation  from  their  tendency  to  contract.     For  the  last  five 
years  I  have  teen  in  the  habit  of  operating  much  earlier  than  was  for- 
merly the  case,  and  the  greater  facility  with  which  the  operations  can 
be  carried  out  under  these  circumstances  has  impressed  me  strongly 
with  the  desirability  of  operating  within  a  week  of  the  fracture,  and 
if  possible,  within  the  first  three  days.    This  period  is  quite  long  enough 
to  determine  whether  non-operative  measures  are  likely  to  succeed; 
indeed,  with  a  good  X-ray  installation  it  should  be  possible  to  arrive  at  a 
definite  conclusion  as  soon  as  the  result  of  a  determined  attempt  to  set 
the  fracture  under  anaesthesia  has  been  ascertained,  so  that  there  should 
be  no  excuse  for  delaying  operation  unnecessarily. 

Operation.  An  essential  point  in  all  these  cases  is  to  secure  thorough 
disinfection  of  the  field  of  operation  and  its  vicinity.  The  entire  limb 
should  be  shaved  and  purified  with  the  greatest  care.  It  is  difficult  to 
foresee  what  parts  of  the  limb  will  have  to  be  manipulated  by  the  surgeon 
or  his  assistants,  and  from  what  I  have  actually  seen  I  am  convinced 
that  a  potent  cause  of  the  frequent  occurrence  of  sepsis  in  these  cases  is 
contact  with  unpurified  skin  during  the  manipulations  necessary  for 
coaptation  of  the  fracture.     It  is  impossible  to  tell  beforehand  what 
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difficulties  may  be  met  with  in  any  given  case,  and  a  careful  observer 
will  often  notice  that  the  hands  of  the  surgeon  or  his  assistants  come 
into  contact  with  parts  that  have  not  been  purified  previously,  owing  to 
the  impression  that  the  case  would  be  easier  than  it  turns  out  to  be  in 
practice.  Therefore  it  should  always  be  the  rule  that  the  whole  limb 
should  be  purified,  and  that  part  of  it  not  concerned  in  the  operation 
should  be  wrapped  up  in  sterilized  cloths  firmly  fastened  on  by  pins  or 
sterilized  bandages.  Tincture  of  iodine  is  most  useful  as  a  skin  dis- 
infectant as  it  renders  visible  what  area  has  been  disinfected  and  what 
has  not.  It  renders  manipulation  of  the  limb  during  the  operation  both 
easier  and  safer  if  a  sterilized  linen  stocking  or  sleeve,  as  the  case  may 
be,  is  drawn  on  over  the  limb  after  the  tincture  of  iodine  has  been  finally 
applied.  This  may  be  tied  round  the  limb  or  clamped  to  the  skin  with 
forceps. 

The  incisions  should  be  free,  and  so  planned  as  to  allow  of  access  to 
the  seat  of  fracture  with  the  least  injury  to  the  soft  parts.  In  the  case 
of  the  thigh  the  incision  will  be  usually  on  the  outer  side,  whilst  the  ulna 
is  best  reached  along  its  subcutaneous  border,  and  the  radius  along  its 
posterior  aspect.  The  actual  incisions  will  often  be  determined  by  an 
inspection  of  stereoscopic  radiograms.  Free  incisions  are  required, 
because  it  may  be  necessary  to  employ  some  fixation  apparatus  to  the 
bone,  which  cannot  be  done  with  ease  except  through  an  incision  that 
exposes  the  bone  ends  freely,  and  allows  them  to  be  manipulated  without 
undue  bruising  of  the  soft  parts.  Moreover,  the  surgeon  will  find  it  much 
easier  to  deal  with  the  fracture  if  he  has  the  soft  parts  incised  sufficiently; 
few  things  are  more  difficult  than  to  get  the  fractured  ends  into  satisfac- 
tory apposition  through  an  insufficient  incision. 

All  blood-clot  is  turned  out,  and  any  soft  structures  intervening  be- 
tween the  fractured  ends  are  got  out  of  the  way.  The  fractured  surfaces 
are  as  fully  exposed  as  possible  and  their  relative  displacement  is  noted. 
Any  loose  fragments  are  carefully  removed  with  forceps  and  preserved 
in  a  sterile  cloth.  Traction  is  then  made  upon  the  limb  by  an  assistant  so 
as  to  bring  the  fractured  surfaces  to  the  same  level,  and,  when  this  has 
been  done,  the  surgeon  manipulates  the  limb  so  as  to  get  them  into 
accurate  apposition.  It  should  always  be  possible  to  obtain  this  in  recent 
cases,  except  when  there  is  great  comminution.  The  fractured  ends 
are  rough,  and  the  surfaces  can  be  made  to  fit  accurately  as  soon  as  the 
muscular  contraction  has  been  overcome.  In  very  muscular  subjects 
spinal  anaesthesia  is  valuable  in  overcoming  muscular  spasm.  After 
coaptation  has  been  obtained,  the  extension  is  relaxed,  and  the  tension 
of  the  muscles  should  keep  the  fractured  ends  in  apposition  if  they  have 
been  made  to  fit,  and  the  line  of  fracture  be  not  too  oblique.    If  the  ends 
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of  the  bone  betray  a  tendency  to  slip  out  of  place  they  can  be  fixed  with 
Peters's  or  some  similar  forceps  (see  Fig.  273)  or  a  suitable  clamp 
(see  Fig.  274)  while  preparations  are  made  to  fasten  them  together. 

When  there  is  no  tendency  to  displacement  after  the  fractured  sur- 
faces have  been  got  into  apposition,  the  limb  is  held  immovable  by  the 
assistant  whilst  the  soft  parts  are  brought  together  over  the  fracture  and 
the  wound  is  closed  without  a  drainage  tube.  A  light  sterilized  metal 
splint  is  then  moulded  to  the  limb  and  incorporated  in  the  dressings. 
Outside  this  a  firmer  splint  of  wood  may  be  applied  if  necessary.  This 
method  applies  especially  to  compound  fractures  in  the  upper  extremity. 


Fig.  273.  BoNE-FoRCEPs.  a  shows  the  form  known  as  Peters*s,  which  arc 
very  useful  as  they  do  not  require  an  assistant  to  hold  the  blades  together.  The 
forceps  are  fixed  in  position  by  the  screw  on  the  handle,  and  the  drill  is  inserted 
between  the  limbs  of  the  upper  blade.  The  blades  are  interchangeable  and  are 
made  for  use  on  different  bones,  b  shows  Lane's  pattern  with  very  long  handles 
and  therefore  a  powerful  grip. 


Methods  of  mechanical  fixation.  When  it  is  necessary  to  fasten  the 
fragments  together  one  of  the  following  methods  must  be  employed : 

( I )  Absorbable  sutures,  A  certain  number  of  surgeons  make  use  of 
sutures  of  absorbable  material,  such  as  catgut  or  kangaroo  tendon,  in 
order  to  avoid  leaving  permanently  in  connexion  with  the  fracture  a 
foreign  body  that  may  give  rise  to  trouble  at  some  later  period.  Trouble 
from  this  cause  has  been  known  to  happen  in  many  cases,  and  the  objec- 
tion to  unabsorbable  materials,  therefore,  is  a  perfectly  valid  one.  The 
drawback  to  the  use  of  absorbable  sutures  is  partly  that  they  are  not 
strong  enough  to  bear  the  strains  to  which  they  may  be  exposed  in  certain 
cases,  and  partly  also  that  an  elastic  material  such  as  catgut  or  kangaroo 
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difficulties  may  be  met  with  in  any  given  case,  and  a  careful  observer 
will  often  notice  that  the  hands  of  the  surgeon  or  his  assistants  come 
into  contact  with  parts  that  have  not  been  purified  previously,  owing  to 
the  impression  that  the  case  would  be  easier  than  it  turns  out  to  be  in 
practice.  Therefore  it  should  always  be  the  rule  that  the  whole  limb 
should  be  purified,  and  that  part  oif  it  not  concerned  in  the  operation 
should  be  wrapped  up  in  sterilized  cloths  firmly  fastened  on  by  pins  or 
sterilized  bandages.  Tincture  of  iodine  is  most  useful  as  a  skin  dis- 
infectant as  it  renders  visible  what  area  has  been  disinfected  and  what 
has  not.  It  renders  manipulation  of  the  limb  during  the  operation  both 
easier  and  safer  if  a  sterilized  linen  stocking  or  sleeve,  as  the  case  may 
be,  is  drawn  on  over  the  limb  after  the  tincture  of  iodine  has  been  finally 
applied.  This  may  be  tied  round  the  limb  or  clamped  to  the  skin  with 
forceps. 

The  incisions  should  be  free,  and  so  planned  as  to  allow  of  access  to 
the  seat  of  fracture  with  the  least  injury  to  the  soft  parts.  In  the  case 
of  the  thigh  the  incision  will  be  usually  on  the  outer  side,  whilst  the  ulna 
is  best  reached  along  its  subcutaneous  border,  and  the  radius  along  its 
posterior  aspect.  The  actual  incisions  will  often  be  determined  by  an 
inspection  of  stereoscopic  radiograms.  Free  incisions  are  required, 
because  it  may  be  necessary  to  employ  some  fixation  apparatus  to  the 
bone,  which  cannot  be  done  with  ease  except  through  an  incision  that 
exposes  the  bone  ends  freely,  and  allows  them  to  be  manipulated  without 
undue  bruising  of  the  soft  parts.  Moreover,  the  surgeon  will  find  it  much 
easier  to  deal  with  the  fracture  if  he  has  the  soft  parts  incised  sufficiently; 
few  things  are  more  difficult  than  to  get  the  fractured  ends  into  satisfac- 
tory apposition  through  an  insufficient  incision. 

All  blood-clot  is  turned  out,  and  any  soft  structures  intervening  be- 
tween the  fractured  ends  are  got  out  of  the  way.  The  fractured  surfaces 
are  as  fully  exposed  as  possible  and  their  relative  displacement  is  noted. 
Any  loose  fragments  are  carefully  removed  with  forceps  and  preserved 
in  a  sterile  cloth.  Traction  is  then  made  upon  the  limb  by  an  assistant  so 
as  to  bring  the  fractured  surfaces  to  the  same  level,  and,  when  this  has 
been  done,  the  surgeon  manipulates  the  limb  so  as  to  get  them  into 
accurate  apposition.  It  should  always  be  possible  to  obtain  this  in  recent 
cases,  except  when  there  is  great  comminution.  The  fractured  ends 
are  rough,  and  the  surfaces  can  be  made  to  fit  accurately  as  soon  as  the 
muscular  contraction  has  been  overcome.  In  very  muscular  subjects 
spinal  anaesthesia  is  valuable  in  overcoming  muscular  spasm.  After 
coaptation  has  been  obtained,  the  extension  is  relaxed,  and  the  tension 
of  the  muscles  should  keep  the  fractured  ends  in  apposition  if  they  have 
been  made  to  fit,  and  the  line  of  fracture  be  not  too  oblique.    If  the  ends 
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of  the  bone  betray  a  tendency  to  slip  out  of  place  they  can  be  fixed  with 
Peters's  or  some  similar  forceps  (see  Fig.  273)  or  a  suitable  clamp 
(see  Fig.  274)  while  preparations  are  made  to  fasten  them  together. 

When  there  is  no  tendency  to  displacement  after  the  fractured  sur- 
faces have  been  got  into  apposition,  the  limb  is  held  immovable  by  the 
assistant  whilst  the  soft  parts  are  brought  together  over  the  fracture  and 
the  wound  is  closed  without  a  drainage  tube.  A  light  sterilized  metal 
splint  is  then  moulded  to  the  limb  and  incorporated  in  the  dressings. 
Outside  this  a  firmer  splint  of  wood  may  be  applied  if  necessary.  This 
method  applies  especially  to  compound  fractures  in  the  upper  extremity. 


Fig.  273.  BoNE-FoRCEPS.  a  shows  the  form  known  as  Peters's,  which  arc 
very  useful  as  they  do  not  require  an  assistant  to  hold  the  blades  together.  The 
forceps  are  fixed  in  position  by  the  screw  on  the  handle,  and  the  drill  is  inserted 
between  the  limbs  of  the  upper  blade.  The  blades  are  interchangeable  and  are 
made  for  use  on  different  bones,  b  shows  Lane's  pattern  with  very  long  handles 
and  therefore  a  powerful  grip. 


Methods  of  mechanical  fixation.  When  it  is  necessary  to  fasten  the 
fragments  together  one  of  the  following  methods  must  be  employed : 

(i)  Absorbable  sutures,  A  certain  number  of  surgeons  make  use  of 
sutures  of  absorbable  material,  such  as  catgut  or  kangaroo  tendon,  in 
order  to  avoid  leaving  permanently  in  connexion  with  the  fracture  a 
foreign  body  that  may  give  rise  to  trouble  at  some  later  period.  Trouble 
from  this  cause  has  been  known  to  happen  in  many  cases,  and  the  objec- 
tion to  unabsorbable  materials,  therefore,  is  a  perfectly  valid  one.  The 
drawback  to  the  use  of  absorbable  sutures  is  partly  that  they  are  not 
strong  enough  to  bear  the  strains  to  which  they  may  be  exposed  in  certain 
cases,  and  partly  also  that  an  elastic  material  such  as  catgut  or  kangaroo 
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tendon  is  not  rigid  enough  to  keep  the  ends  of  the  larger  bones  in  proper 
contact.  For  fractures  such  as  those  of  the  patella  and  olecranon,  for 
which  they  are  most  frequently  used,  they  are  hardly  to  be  recommended, 
as  they  cannot  be  relied  upon  to  stand  enough  strain.  American  sur- 
geons, however,  depend  almost  entirely  upon  catgut  suturing  in  such  cases 
and  claim  satisfactory  results.  For  the  few  cases  in  which  the  object 
is  rather  to  prevent  lateral  displacement  than  shortening  of  the  limb  they 
may  be  advantageously  employed;  for  example,  for  fractures  of  the 
fibula  where  the  tibia  is  not  broken. 

(2)    Unabsorbable  sutures.    The  principal  unabsorbable  sutures  are 
silk  and  wire ;  of  these,  silk,  although  strong  enough  to  bear  any  reason- 


FiG.  274.  Clamp  for  maintaining  Coaptation  of  a  Fracture.  This  appa- 
ratus can  be  used  either  to  maintain  the  fractured  ends  in  position  pending  their 
mechanical  fixation  or  as  a  fixation  apparatus  itself.  In  the  latter  case  it  is 
surrounded  by  the  dressings  and  removed  during  the  third  week  when  all  risk  of 
displacement  is  over.    It  is  best  adapted  for  compound  fractures. 

able  strain  to  which  it  may  be  exposed,  is  too  pliable  to  secure  perfect 
apposition.  It  may,  however,  be  used  for  cases  of  transverse  fracture  of 
such  bones  as  the  patella,  or  particularly  the  olecranon,  when  the  subject 
is  not  unduly  muscular.  In  a  muscular  subject  a  silk  suture  strong  enough 
to  bear  all  the  strain  to  which  it  would  be  liable  would  have  to  be  so  stout 
as  to  approximate  to  the  gauge  of  wire.  The  only  advantage  it  offers 
over  wire  is  that  the  knot  is  not  so  prominent,  and  is  therefore  less  likely 
to  cause  irritation  and  require  removal. 

Silkworm-gut  is  hardly  to  be  recommended  in  any  case.  Its  strength 
IS  not  much  greater  than  stout  silk,  its  pliability  is  very  similar,  and  the 
irritation  caused  by  the  ends  of  the  knot  is  greater  than  those  of  silk, 
closely  approaching  that  of  wire. 

IVire  is  one  of  the  most  generally  useful  of  all  fixation  methods  for 
bone.  It  is  usual  in  England  to  employ  pure  silver  wire  of  various  gauges, 
No.  4  to  No.  7,*  according  to  the  various  bones  that  have  to  be  wired. 

'  This  is  the  French  catheter  gauge. 
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Thus,  for  the  femur  No.  7,  for  the  tibia  No.  6,  for  the  patella  No.  5, 
and  for  the  olecranon,  radius,  ulna,  and  fibula,  No.  4  is  sufficient.  In 
America,  aluminium-bronze  wire  is  advocated  by  many  surgeons,  and  is 
very  pliable.  It  is  also  frequently  used  in  fractures  of  the  long  bones, 
particularly  in  oblique  or  irregular  fractures,  where  the  wires  can  be 
introduced  as  shown  in  Fig.  275,  a;  in  these  cases,  however,  its  use  in- 
volves more  disturbance  of  the  bone  ends  than  does  the  application  of  a 


A  B 

Fig.  275.  Wire  Sutures  for  Oblique  and  Transverse  Fractures,  a  shows 
the  simplest  method  of  inserting  the  wires.  There  are  many  other  ways  which  it 
is  unnecessary  to  illustrate.  With  a  stout  wire  twisted  firmly  practically  no 
displacement  is  likely  to  occur  provided  that  the  Hmb  is  properly  immobilized 
subsequently,  b  shows  a  method  that  is  only  suited  for  transverse  fractures  with 
pronounced  serrations.  It  is  obvious  that  these  sutures  can  only  restrict  but  not 
abolish  lateral  displacement. 

bone  plate.  In  cases  of  transverse  fracture,  however,  the  wire  has  to  be 
introduced  as  depicted  in  Fig,  275,  b,  and  under  these  circumstances 
there  may  be  slight  transverse  displacement  in  spite  of  the  wire,  and, 
besides  that,  lateral  bending  may  occur  if  there  be  much  lateral  strain. 
This  is  sometimes  a  matter  of  great  importance  in  single  bones  like  the 
femur  and  the  humerus,  and  for  them  other  methods  may  be  required ; 
but  for  the  clavicle,  the  patella,  and  the  olecranon,  wire  is,  on  the  whole, 
the  best  and  most  easily  managed  method  of  fixation. 

(3)  Screws,  nails,  and  pegs  of  metal  or  ivory.    Reasoning  from  the 
analogy  of  carpentry,  the  easiest  and  best  method  of  fastening  two  bone 
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surfaces  together  is  clearly  by  nails,  pegs,  or  screws.  Sir  Arbuthnot  Lane 
at  one  time  advocated  long  plated  screws  with  a  cylindrical  shank  instead 
of  the  tapering  one  found  in  the  ordinary  screw,  but  these  have  been 
generally  given  up  in  favour  of  the  *bone  plates'  described  on  p.  711. 

Nails  and  tacks  may  be  used  either  alone  or  in  association  with  some 
form  of  plate  or  collar  which  they  fasten  to  the  bone.  Long  nails  are 
sometimes  more  useful  for  fractures  in  which  they  can  be  introduced  at 
right  angles  to  the  pull  of  the  muscles; 
they  are  less  likely  to  split  the  bone  than 
pegs  or  screws.  They  have  been  used 
with  success  in  fractures  into  the  knee  and 
elbow  joints,  and  particularly  in  fractures 
of  the  neck  of  the  femur  in  which  they 
are  driven  into  the  outer  surface  of  the 
great  trochanter,  and  made  to  traverse  the 
whole  length  of  the  neck  whilst  the  frac- 
tured ends  are  held  in  position.  Short 
nails  or  tacks  are  also  quite  useful  in  re- 
attaching portions  split  off  from  a  bone 
that  cannot  be  fastened  in  place  with  a 
bone  plate;  for  example,  portions  of  the 
tuberosities  of  the  humerus,  the  malleoli, 
or  the  great  trochanter. 

Ivory  pegs  are  also  advocated  by  some 
and  have  a  definite  sphere  of  usefulness. 
More  than  once  I  have  successfully  used 
the  old  plan  of  inserting  an  ivory  peg 
between  the  two  fragments  in  the  long 
axis  of  the  bone  as  shown  in  Fig.  276, 
after  other  methods  had  failed.    The  few 
cases  in  which  this  plan  will  be  more  use- 
ful than  any  other  are  those  in  which  the 
fracture  is  near  an  articular  surface,  par- 
ticularly the  ankle-  or  wrist-joint,  and  the  lower  fragment  is  either  so 
small  that  a  metal  plate  or  collar  cannot  be  satisfactorily  applied,  or  is 
so  surrounded  by  tendons  and  tendon  sheaths  that  the  application  of 
a  plate  or  a  collar  might  be  detrimental  to  the  subsequent  movements 
of  the  joint.    The  place  of  this  method,  however,  has  been  almost  entirely 
taken  of  recent  years  by  the  application  of  the  bone  plate. 

Metal  pins,  such  as  steel  knitting-needles,  are  sometimes  employed 
in  fractures  into  the  knee-  or  elbow-joint,  particularly  the  latter,  and 
in  some  cases  of  fracture  of  the  neck  of  the  femur.     The  best  way  to 


Fig.  276.  Bone  Peg  for  the 
Fixation  of  Fractures.  The 
peg  is  inserted  into  the  centre  of 
the  bone.  The  chief  difficulty  is 
to  get  it  into  position,  as  the 
ends  have  to  be  widely  separated. 
It  is  less  suitable  for  the  position 
in  which  it  is  shown  in  the  figure 
than  those  mentioned  in  the  text. 
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employ  them  is  to  have  the  parts  held  firmly  in  accurate  apposition  and 
then  to  drill  the  fragments  from  side  to  side  and  to  pass  one  or  more 


Fig.  277.  Metal  Collars  and  Plates  for  the  Fixation  of  Fractures. 
The  metal  is  often  perforated  with  holes  beforehand.  The  best  plan,  however,  is 
to  wrap  the  collar  round  the  bone  so  that  its  ends  overlap,  and  then  punch  holes 
through  the  overlapping  ends  into  the  bone.  This  clinches  the  collar  and  gives 
a  firmer  hold.  This  method  is  shown  in  a,  but  as  it  is  difficult  to  apply  to 
triangular  bones  like  the  tibia,  two  plates  may  be  substituted  for  it  in  these  cases 
as  shown  in  b. 

Fig.  278.  Lane's  Bone-plate  for  Fractures.  The  drawing  is  half  the 
natural  size  and  will  give  an  idea  of  the  size  and  rigidity  of  the  plate.  It  is  made 
either  of  highly  tempered  steel  or  of  steel  sufficiently  mild  to  be  bent  with  suitable 
wrenches.    The  plate  shown  above  would  be  suitable  for  a  fracture  of  the  femur. 

long  steel  pins  or  knitting-needles  through  the  drill  holes,  leaving  the 
ends  projecting  from  the  wound;  the  pins  are  removed  ten  days  later. 
This  method  is  most  suited  for  those  cases  in  which  other  means  of 
mechanical  fixation  would  cause  a  projection  on  the  articular  surface 
that  would  interfere  with  free  movement;  it  is  therefore  occasionally 
called  for  in  comminuted  fractures  involving  the  elbow-joint.  The  chief 
difficulty,  however,  is  boring  the  hole  for  the  pins.     The  only  really 
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Fig.  279.  Lane's  Screws  and  Plates  for  Fractures.  The  plates  are 
fastened  on  with  the  small  screws,  which  are  of  different  sizes  and  lengths  to  cor- 
respond with  the  different  plates  with  which  they  are  used.  It  will  be  noted  that 
the  thread  of  the  screw  extends  right  up  to  the  head.  The  chief  sizes  of  the  different 
plates  are  shown;  each  is  marked  according  to  the  size  of  the  plate  and  the  bon( 
for  which  it  is  suitable  (p^femur,  h  =  humerus,  r  =  radius,  u^ulna).  The 
Y-shaped  plates  are  suitable  for  fractures  of  the  lower  end  of  the  humerus. 
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satisfactory  way  of  doing  this  is  by  means  of  a  long  drill  driven  by  an 
electric  motor;  this  penetrates  the  bone  rapidly  and  without  requiring 
any  force,  and  thus  there  is  little  risk  of  displacement  of  the  fragments. 
It  is  difficult  to  avoid  causing  displacement  from  pressure  of  the  drill  if 
the  boring  be  done  with  the  ordinary  hand-drill. 

(4)  Metal  plates  and  collars.  Metal  supports  at  the  seat  of  fracture, 
which  generally  take  the  form  of  plates  or  bars,  have  been  used  for 
some  time  and  have  recently  become  very  popular.  Obviously  the  most 
workmanlike  method  is  to  surround  the  bone  with  a  metal  collar  perfo- 
rated with  holes  in  the  necessary  places,  and  fastened  on  by  tacks  or 
screws  of  the  same  metal  as  the  plate  so  as  to  avoid  setting  up  any  elec- 
trolytic action  (see  Fig.  277).  Parham  has  introduced  a  band  that  may 
be  applied  much  more  simply,  and  Cotton  has  devised  an  ingenious  appli- 
cation for  circular  wire  support.  The  use  of  a  collar  of  this  kind,  how- 
ever, has  certain  drawbacks  which  has  led  to  the  plate  being  preferred  to 
it.  Thus,  its  application  involves  much  more  disturbance  of  the  fractured 
ends  than  does  that  of  a  plate  which  is  simply  applied  to  one  surface. 
Further,  while  the  application  of  a  collar  is  comparatively  easy  in  single 
round  bones  like  the  humerus  and  the  femur  it  is  out  of  the  question  in 
a  triangular  bone  like  the  tibia.  Finally,  it  is  clear  that  in  those  cases  in 
which  they  could  be  most  easily  used — viz.  fractures  of  the  femur  or 
humerus — they  must  yield  to  the  bone  plates  not  only  in  ease  of  appli- 
cation but  in  strength — a  very  important  point  in  fractures  of  these  par- 
ticular bones.  The  supports  that  are  in  general  use  at  the  present  time 
are  the  bone  plates  of  the  form  shown  in  Fig.  278.  These  are  fastened 
to  the  surface  of  the  bone  with  small  screws  which  just  penetrate  through 
the  compact  tissue.  One,  two,  or  more  plates  are  applied  according  to  the 
length  and  direction  of  the  fracture.  The  plates  are  of  various  thick- 
nesses to  correspond  to  the  strength  of  the  various  bones  and  can  be 
bent  or  twisted  by  suitable  wrenches  to  lie  flat  on  the  surface  of  the  bone. 
Generally  it  is  advisable  to  insert  two  screws  on  each  side  of  the  line  of 
fracture  in  order  to  prevent  angular  deformity,  but  if  the  plate  be 
furnished  with  points  like  staples  (see  Fig.  280)  one  screw  on  each  side 
will  suffice  in  the  case  of  the  smaller  bones. 

The  advantage  of  this  method  is  that  it  is  the  simplest  method  of 
maintaining  perfect  apposition.  When  the  bone  ends  have  been  fitted 
together  the  plates  are  just  applied  to  the  surface  without  the  need  for 
further  exposure  or  displacement  of  the  fractured  surfaces.  This  is  a 
great  advantage  in  cases  of  recent  fracture  in  which  perfect  anatomical 
restoration  can  be  obtained  and  maintained  quite  easily.  The  method 
also  finds  a  most  useful  application  in  cases  of  ununited  fractures  in  which 
the  muscles  have  become  permanently  shortened ;  the  first  difficulty  here 
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is  to  get  the  ends  in  apposition,  and  it  is  most  important  to  keep  them 
there  when  once  this  has  been  done.  The  bone  plates  serve  the  latter 
purpose  admirably.  They  can  be  so  arranged  as  to  take  the  strains  to 
the  best  mechanical  advantage. 

(5)  Bone  clamps  and  similar  special  instruments.  Parkhill's  ingeni- 
ous instrument,  or  some  modification,  may  be  of  value  in  certain  cases, 
although  most  surgeons  will  agree  that  it  is  rarely  necessary  in  simple 
fractures,  and  it  is  admittedly  difficult  to  apply  properly.  The  clamp 
must  be  left  projecting  from  the  wound  and  included  in  the  dressing, 
and  the  risk  of  sepsis,  therefore,  is  not  to  be  denied.  Nevertheless,  it,  or 
some  modification  of  it,  is  largely  used  by  some  surgeons  both  in  Europe 
and  America  with  great  success  in  simple  fractures.  It  might  certainly  l)e 
used  advantageously  for  compound  fractures  of  the  femur  or  the  tibia 
in  which  there  is  difficulty  in  maintaining  apposition  by  other  methods. 
It  gives  a  very  firm  hold,  and  is  therefore  valuable  in  muscular  subjects, 
especially  those  who  are  liable  to  be  attacked  by  delirium  tremens.  It 
keeps  the  bone  ends  in  apposition  until  the  exudation  around  has  had 


Fig.  280.    Bone  Staple-plate  for  Fractures.    These  plates  give  an  excellent 

hold.    They  are  screwed  on  to  the  bone. 

time  to  fix  them,  and  after  its  removal  no  foreign  body  is  left  in  the 
wound.    The  risk  of  necrosis  is  therefore  diminished. 


BONE-TRANSPLANTATION  IN  FRACTURES 

Due  to  numerous  failures  in  employing  foreign  materials  in  the 
treatment  of  certain  types  of  fractures  and  non-union  of  bones,  and  in 
view  of  the  fact  that  bone-transplantation  has  offered  so  much  in  the 
correction  of  bone  deformities,  bone  grafts  have  been  almost  entirely 
substituted  in  certain  types  of  fractures  where  mechanical  appliances 
other  than  splints  have  been  required.  Bone  grafts  probably  give  the 
best  results  in  certain  conditions,  namely,  non-union  and  mal-union  of 
fractures,  fractures  with  destruction  of  a  considerable  portion  of  bone 
and  with  mal-position  of  the  fragments. 

TYPES  OF  OPERATION 

I.  Intramedullary  splints.  In  certain  fractures  of  the  long  bones, 
notably  femur,  tibia,  fibula  or  humerus,  whether  there  be  non-union  or 
mal-union,  destruction  of  bone  or  mal-position  of  bones,  this  type  of 
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operation  has  been  extensively  employed.  Strict  aseptic  technic,  as  in 
bone-transplantation,  is  absolutely  necessary.  The  ends  of  the  bone 
are  well  exposed,  and  in  case  of  mal-union  the  callus  is  excised  and  the 
medullary  canal  well  opened.  A  graft  is  taken  from  the  sound  tibia 
according  to  the  technic  of  bone-transplantation  (v.s,),  and  is  cut  to  a 
suitable  size  to  fit  the  medullary  canal.  Murphy  advocated  the  reaming 
out  of  the  medullary  canal  in  order  to  remove  the  endosteum  and  to  form 
a  bed  for  the  implant. '  The  fractured  limb  is  bent  and  the  graft  is  driven 


Fig.  281.  Diagram  of  Method  of  Insertion  of  Intra-medullary  Bone 
Splint.  Note  that  the  splint  is  inserted  into  one  end  and  the  bone  fragments 
then  bent  at  an  angle,  so  that  the  splint  can  be  slipped  into  the  opposite  frac- 
tured end. 


into  the  medullary  canal  of  one  fragment.  The  other  fragment  by 
angulation  and  traction  is  then  placed  over  the  graft  and  the  latter  al- 
lowed to  slip  into  the  medullary  canal  (see  Fig.  281).  The  wound  is 
closed  without  drainage  and  a  light  splint  applied.  Care  should  be 
taken  that  the  graft  is  not  displaced  upward  too  far  to  allow  sufficient 
introduction  into  the  medullary  canal  below  to  maintain  proper  apposi- 
tion. This  can  often  be  overcome  by  holding  one  end  of  the  splint  in  the 
medullary  canal  by  a  peg  while  the  other  end  is  slipped  into  the  medullary 
canal. 

2.  Sliding  graft — Albec  operation.  As  in  the  previous  operation, 
the  ends  of  the  bone  are  freed  and  are  placed  in  apposition.  They  can 
be  held  by  a  suitable  clamp,  such  as  the  Schroeder  clamp.  With  a  circular 
twin  saw  adjusted  to  about  1 1  mm.  apart  in  the  femur  a  wedge  is  sawed, 
making  the  transplant  of  the  longer  fragment  about  twice  that  of  the 


714 


OPERATIONS  UPON  BOXES 


shorter  fragment.  The  cut  in  the  bone  is  carried  to  the  medulla  in  the 
shape  of  a  trough,  whose  periosteal  side  will  be  about  6  mm.  wider  than 
the  medullary  side.  The  ends  of  the  graft  are  freed  by  a  sharp  thin 
chisel.  The  wedge  from  the  short  fragment  is  removed  and  the  longer 
slipped  down.  The  wedge  removed  can  be  placed  in  the  trough  above, 
or  possibly  it  can  be  utilized  for  pegs.  This  splint  is  held  in  position  by 
pegs,  preferably  taken  from  the  portion  of  bone  removed,  and  placed 
obliquely  into  the  cortical  bone  on  either  side  of  the  gutter,  with  their 


"zmf/m^. 


\  / 


Fig.  282.  Diagram  illustrating  Application  of  Inlay  Graft  to  Fresh 
Fractures.  Preferable  to  Lane  plate.  On  account  of  the  absence  of  any 
marked  pathological  change  in  the  fragmented  ends  of  fresh  fractures,  bone 
material  from  this  source  can  be  used  to  advantage,  as  can  be  seen  from  the 
cut.  In  I,  /I  and  B  are  removed  with  the  motor  saw.  A  is  split  into  narrow 
strips  of  bone,  which  are  made  into  proper  sized  pegs  with  the  Albee  do  welling 
instrument.  B  is  then  placed  into  position  as  indicated  in  2  and  3  and  firmly 
held  in  place  by  dowels  (c-c-c).    The  space  in  the  cortex  (/))  remains  empty. 


ends  projecting  over  and  in  contact  with  the  periosteal  surface  of  the 
graft  (see  Fig.  282). 

The  advantage  of  this  operation  is  that  all  the  work  is  carried  on  in 
one  wound.  There  is  no  foreign  particle  introduced  and  the  medullary 
canal  is  not  close  and  there  is  proper  fixation  and  immobilization  of  the 
fragments. 

3.  Sliding  intramedullary  splint — Hoglund  operation.  This  opera- 
tion is  very  similar  to  the  Albee  operation.  With  parallel  twin  saws  a 
vertical  graft  from  7  to  10  cm.  long  is  cut  in  the  cortex  of  the  longer 
fragment  at  a  distance  of  about  5  cm.  from  the  line  of  fracture.  The 
distal  end  of  the  fragment  is  cut  by  a  sharp  chisel  and  the  proximal  end, 
that  is  the  end  near  the  fracture  line,  is  removed  in  a  similar  way  with  a 
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point  (see  Fig,  283),  This  graft  after  the  bones  have  been  placed  into 
apposition  is  displaced  into  the  medullary  canal  and  forced  up  through 
the  fracture  line  to  impinge  into  the  medullary  canal  of  the  fragment 
above  (see  Fig.  284).    This  graft  can  be  held  in  place  by  pegs  or  by 


Fig,  283.  (At  left)  R;  The  Dotted  Lines  in  Picture  indicate  the 
Bone  Ring  which  holds  the  Splint  in  Place. 

Fig.  284.  Shows  the  Splint  driven  into  the  Bone  Ring,  extending 
HALF  AND  HALF  IN  EACH  pKACMENT.  (Part  o£  Same  plate  described  in  Fig.  283. 
Represents  drawing  at  right  of  plate.) 

appropriate  screws  made  at  the  time  of  operation  from  fragments  of 
bone. 

4.  Fixation  by  bone  pegs.  In  certain  fractures,  notably  fractures  of 
the  neck  of  the  femur  with  marked  displacement,  it  is  often  possible  to 
hold  the  fragments  in  position  with  pegs  driven  into  an  appropriate  canal 
previously  prepared.  In  a  fracture  of  the  neck  of  the  femur  with  dis- 
placement traction  is  made  upon  the  leg.  either  by  placing  the  patient 
upon  a  Hawley  table  or  by  ordinary  direct  traction,  until  the  shortening 
is  overcome.     With  a  narrow  chisel  a  canal  is  cut  from  just  below  the 
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external  surface  of  the  great  trochanter  through  the  cortex  and  cancellous 
portion  of  the  upper  end  of  the  femur  through  the  neck.  By  measure- 
ment a  suitable  graft  is  taken  from  the  anterior  ledge  of  the  tibia  and 


Fig.  285.  RoENTGENOcsAM  OF  Neck  of  Femur  showing  Bone  Transplant 
IN  Position,  (Taken  four  months  after  operation  and  showing  bony  union  of 
fracture.) 

cut  to  appropriate  size.  This  peg  is  then  driven  into  the  canal  prepared, 
care  being  taken  to  avoid  puncturing  the  articular  surface  of  the  head  of 
the  femur  (see  Fig.  285).  The  part  can  be  placed  in  a  light  cast  for 
immobilization  for  a  short  period  of  time. 

A  similar  operation  can  be  utilized  in  the  neck  of  the  humerus. 

STEINMANN  NAIL-EXTENSION 

In  certain  fractures  with  over-riding  in  which  it  is  impossible  to 
secure  apposition  of  the  bones  or  in  which  sufficient  extension  can- 
not be  obtained  by  applying  adhesive  strips  Steinmann  has  advocated 
applying  direct  traction  to  the  bone.  This  operation  is  especially 
applicable  to  fractures  of  the  tibia  in  which  traction  is  made  from 
the  OS  calcis  or  the  lower  end  of  the  tibia,  fractures  of  the  lower  end  of 
the  femur  where  traction  is  made  from  the  condyles,  and  fractures  of 
the  humerus  where  traction  is  made  from  the  lower  end  of  the  humerus. 
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A  small  puncture  incision  is  made  on  the  lateral  surface  of  the  part 
of  the  bone  to  be  employed.  This  incision  is  carried  down  to  the  bone. 
Then  a  hole  is  drilled  completely  through  the  bone.  A  special  iron  pin  is 
inserted  through  the  bony  canal  and  brought  out  through  a  puncture 
wound  on  the  opposite  side.  The  wounds  are  closed  and  sealed  and 
traction  made  from  this  pin. 

Possible  objections  to  this  operation  are  that  the  pin  acts  as  a  foreign 
body  and  plus  the  pressure  brought  about  by  traction  produces  a  rather 
rapid  absorption  and  liquefaction  of  the  bone,  which  offers  a  favourable 
location  for  bacterial  growth.  Complications  following  the  procedure, 
however,  are  rare. 

Operations  upon  recent  compound  fractures.    Although  it 

is  not  absolutely  essential  that  all  cases  of  compound  fracture  should 
be  operated  upon,  yet  a  large  majority  of  the  cases  will  require  some 
form  of  operative  interference,  and  there  is  not  nearly  so  much  diverg- 
ence of  opinion  as  to  which  cases  should  be  submitted  to  operation  and 
which  should  be  treated  without  it,  as  there  is  in  the  case  of  simple 
fractures.  Broadly  speaking,  it  may  be  said  that  all  cases  should  be 
operated  upon  in  which  the  wound  communicates  freely  with  the  fracture, 
and  in  the  majority  of  these  it  will  be  advisable  not  only  to  trim  and 
purify  the  soft  parts  and  the  fractured  surfaces,  but  also  to  get  the 
broken  ends  into  position. 

Operation.  In  the  first  place,  the  wound  and  a  considerable  area 
of  skin  must  be  purified  with  great  care.  The  success  of  the  operation 
depends  upon  this,  and  no  effort  should  be  spared  to  secure  complete 
asepsis.  Many  surgeons  at  the  present  day  swab  out  the  wound  freely 
with  a  2^  alcoholic  solution  of  iodine,  and  then  trust  to  drainage.  Of 
this  plan  I  have  no  personal  knowledge.  Much  as  I  like  tincture  of 
iodine  for  skin  purification,  I  am  still  in  the  habit  of  using  a  very  power- 
ful disinfecting  agent  in  these  cases.  On  the  whole,  I  have  found  the  best 
plan  is  to  plug  the  wound  tightly  with  gauze  wet  with  a  I  in  1,000  solution 
of  perchloride  of  mercury  until  the  surface  of  the  gauze  lies  flush  with 
the  skin,  which  is  then  purified  in  the  ordinary  manner  for  a  wide  distance 
around  the  wound,  the  parts  beyond  the  purified  area  being  wrapped  up 
in  sterilized  towels.  The  gauze  packing  is  then  removed  from  the  wound, 
which  is  opened  up  in  any  direction  that  may  be  necessary  to  give  free 
exposure  of  the  deeper  parts.  All  blood-clot  is  turned  out,  and  any 
badly  damaged  tissue  snipped  away  with  scissors.  The  whole  raw 
surface  is  then  mopped  over  with  undiluted  carbolic  acid,  care  being  taken 
to  see  that  no  recesses  of  the  wound  are  overlooked.  Finally,  the  bone 
ends  are  exposed,  and  if  they  be  dirty  or  have  protruded  from  the  wound 
they  are  not  only  scrubbed  with  a  nail-brush  and  a  i  in  20  carbolic  lotion, 
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but  the  superficial  layers  of  the  fractured  ends  are  gouged  or  chiselled 
away,  and  undiluted  carbolic  acid  is  applied  to  the  surface  left;  it  is 
unnecessary,  however,  to  do  this  unless  the  fractured  ends  have  been 
obviously  infected.  Efficient  drainage  must  be  provided,  either  through 
the  original  wound  or  through  suitably  placed  counter-openings. 

This  method  of  treating  the  wound  may  appear  somewhat  heroic  and 
in  some  cases  is  possibly  unnecessary,  but  it  must  be  remembered  that, 
in  the  first  place,  primary  union  is  never  aimed  at  in  these  cases ;  owing 
to  the  risk  of  infection  it  is  unwise  to  suture  the  wound  without  securing 
ample  drainage,  and  therefore  the  irritation  produced  by  the  acid  on  the 
tissues  is  of  little  moment,  whereas  it  is  an  effective  germicide  provided 
that  it  has  free  access  to  the  soiled  tissues.  In  the  second  place,  all  the 
factors  most  conducive  to  sepsis  are  present  in  these  cases,  and  slight 
septic  infection  may  end  disastrously.  The  muscles  are  badly  bruised 
and  are  in  a  state  of  irritation,  they  retract  and  leave  large  irregular 
spaces  in  which  blood  collects  and  coagulates,  and  the  interior  of  the 
bone  communicates  with  the  wound;  any  infection  of  this  area  spreads 
rapidly,  and  is  very  serious.  I  have  used  this  method  in  many  severe 
cases  and  have  been  astonished  at  the  good  results  that  have  followed  its 
use.  Milder  methods  may  succeed  in  simpler  cases,  but  the  plan  recom- 
mended above  will  generally  save  any  case  of  compound  fracture  that 
does  not  call  for  immediate  amputation. 

After  drainage  has  been  provided  for,  the  question  arises  whether 
or  not  fixation  apparatus  should  be  used  to  secure  the  fractured  ends. 
The  use  of  any  unabsorbable  fixation  apparatus  in  compound  fractures 
is  likely  to  be  followed  by  necrosis  requiring  the  removal  of  sequestra 
and  the  fixation  apparatus  should  the  primary  attempt  at  securing  asepsis 
fail,  and  therefore  many  surgeons  dispense  with  them  whenever  this  is 
possible ;  when  it  is  absolutely  necessary  to  resort  to  them  they  use  either 
absorbable  sutures,  such  as  catgut  or  kangaroo  tendon,  or  some  easily 
removable  form  of  apparatus,  such  as  metal  pins  that  project  from  the 
wound,  Parkhiirs  bone  clamps,  or  one  or  more  silver  wires  surrounding 
the  bone,  with  their  ends  projecting  from  the  wound.  The  clamp  shown 
in  Fig.  274  is  useful  for  this  purpose. 

The  object  of  the  removable  forms  of  fixation  apparatus  is  to  keep 
the  bone  ends  in  apposition  until  sufficient  consolidation  has  occurred 
to  warrant  their  removal;  this  is  then  effected  with  the  least  possible 
disturbance  to  the  structures  about  the  seat  of  fracture.  Provided  that 
no  necrosis  has  occurred,  the  period  of  convalescence  is  not  thereby 
materially  prolonged.  Therefore  it  is  well  to  avoid  all  such  apparatus 
as  would  be  likely  to  give  rise  to  necrosis  were  slight  sepsis  to  occur  in 
the  wound. 
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After-treatment.  A  good  splint  for  these  compound  fractures  is 
a  plaster-of-Paris  casing.  In  order  to  get  proper  access  to  the  wound 
for  the  subsequent  dressings,  the  splint  should  be  arranged  with  a  wide 
interruption  opposite  the  seat  of  fracture.  The  interruption  can  be 
formed  by  two  or  three  strips  of  malleable  iron,  the  ends  of  which  are 
incorporated  in  the  two  portions  of  the  casing,  and  the  centre  parts  bent 
out  sufficiently  to  allow  the  dressings  to  be  applied  beneath  it ;  the  inter- 
ruption should  be  wide  enough  to  prevent  all  risk  of  discharge  soaking 
away  underneath  the  casing.  In  cases  of  compound  fracture  of  the 
femur  the  plaster-of-Paris  casing  may  be  made  to  take  in  part  of  a 
Thomas's  hip-splint. 

OPERATIONS  UPON  FRACTURES  OF  LONG  STANDING 

Operations  for  ununited  fracture.  Indications.  All  ununited 
fractures  require  operative  interference.  The  chief  difficulty,  however, 
is  to  know  when  any  given  case  falls  into  this  category.  By  the  term 
*  ununited  fracture '  is  meant  a  fracture  in  which  consolidation  will  not 
occur  spontaneously,  but  the  difficulty  is  to  know  exactly  when  incom- 
plete or  defective  union  becomes  true  non-union.  In  times  past  operation 
was  never  undertaken  until  after  the  lapse  of  some  months,  and  until 
it  was  quite  certain  that  consolidation  could  not  be  induced  by  any 
method  of  non-operative  treatment.  In  this  way  much  valuable  time 
was  wasted  that  might  have  been  saved  by  early  operation.  Not  infre- 
quently, too,  the  surgeon  found  on  exposing  the  fractured  ends  that 
union  without  operation  had  been  hopeless  from  the  first.  It  may  safely 
be  said  that  operation  should  be  had  recourse  to  as  a  rule  much  earlier 
than  was  formerly  the  case.  It  may  also  be  said  with  fairness  that,  with 
the  possible  exception  of  operations  upon  the  femur,  which  are  notori- 
ously rather  more  difficult  to  keep  aseptic,  operation  adds  nothing  to  the 
patient's  risks  in  skilful  hands,  while  it  diminishes  the  length  of  his 
convalescence. 

The  following  statements  fairly  represent  the  present  state  of  sur- 
gical opinion : — 

(i)  All  cases  should  be  operated  upon  without  delay  that  show  thin 
pointed  atrophied  bone  ends  and  an  entire  lack  of  callus  a  month  after 
the  injury.  This  condition  is  made  out  easily  with  the  aid  of  good 
stereoscopic  radiograms. 

(ii)  Every  case  of  fracture  in  which  consolidation  has  not  occurred 
at  the  end  of  two  months  from  the  receipt  of  the  injury  should  be  sub- 
mitted to  operation  provided  that  there  is  not  progressive  improvement 
made  under  non-operative  measures,  and  that  there  is  no  constitutional 
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disease  to  contra-indicate  it.  In  the  case  of  the  femur  this  period  might 
be  extended  to  three  months,  especially  in  the  case  of  those  whose  means 
allow  them  to  be  fitted  with  some  form  of  splint,  such  as  Hoefftcke's, 
in  which  they  are  enabled  to  walk  about  freely  without  having  recourse 
to  crutches. 

Operation.  The  steps  of  the  operation  resemble  those  for  similar 
operations  in  simple  fractures  (see  p.  703),  but  are  much  more  difficult 
owing  to  the  contracted  condition  of  the  muscles  and  the  alterations  that 
have  taken  place  in  the  bone  ends  and  the  soft  parts  around. 

Complete  exposure  is  the  essential  for  success  in  these  diflScult  and 
tedious  operations.  Without  it,  it  is  very  difficult  to  ascertain  the  exact 
conditions  of  affairs  and  to  determine  the  best  treatment  to  adopt,  while 
the  various  manipulations  necessary  to  get  the  bone  ends  together  and  fix 
them  are  only  possible  after  violence,  which  causes  unnecessary  damage 
to  the  tissues. 

The  incision  will  generally  be  in  the  long  axis  of  the  bone  and  on 
that  aspect  of  the  limb  where  it  will  involve  the  least  damage  to  the  soft 
parts,  but  the  determination  of  the  exact  seat  and  number  of  the  inci- 
sions can  be  most  satisfactorily  arrived  at  after  an  inspection  of  stereo- 
scopic radiograms. 

When  the  seat  of  fracture  has  been  reached,  the  soft  parts  must  be 
separated  from  the  seat  of  fracture,  but  in  doing  this  the  periosteum 
should  not  be  detached  from  the  bone.  When  there  is  no  overlapping 
of  the  fractured  ends  it  is  not  always  necessary  to  clear  the  soft  parts 
from  the  deep  surface  of  the  fracture.  The  callus  is  divided  as  nearly 
as  possible  along  the  original  line  of  fracture,  and  the  bone  ends  are  pre- 
pared for-  union.  The  line  of  fracture  is  easily  made  out  by  moving  one 
fragment  upon  the  other  and  inserting  a  knife  or  chisel  between  them. 

At  this  stage  of  the  operation  two  distinct  groups  of  cases  may  be 
differentiated.  In  the  first  there  is  simple  non-union  without  displace- 
ment, while  in  the  second  the  non-union  has  resulted  from  the  displace- 
ment.   The  treatment  differs  in  the  two  cases. 

(a)  Simple  non-union  without  displacement.  Here  it  is  obvious 
that  no  fixation  apparatus  is  required,  since  there  is  no  displace- 
ment to  correct.  Therefore  it  will  be  sufficient  to  expose  the  anterior 
and  lateral  surfaces  of  the  fracture  only;  the  posterior  aspect  can 
be  left  undisturbed.  These  cases  are  not  very  satisfactory  except  in 
the  rare  cases  in  which  non-union  has  followed  want  of  proper  immo- 
bility during  repair.  When  the  fragments  are  in  apposition  and  are  kept 
on  suitable  splints  and  still  non-union  results,  there  is  generally  some  con- 
stitutional cause  at  work,  and  the  operation  is  apt  to  be  followed  by  non- 
union also. 
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The  first  object  in  these  cases  is  to  remove  all  soft  tissues  between  the 
ends  of  the  bone.  The  next  is  to  refresh  the  bone  surfaces  so  that  active 
repair  may  be  encouraged.  For  this  a  saw  is  unnecessary;  a  broad 
chisel  will  do.  I  have  found  it  an  excellent  plan  not  to  remove  the  por- 
tions of  bone  thus  pared  oflF,  but  to  crush  them  down  firmly  into  the 
small  gap  between  the  refreshed  ends,  and  I  am  under  the  impression  that 
better  success  is  obtained  in  this  way  than  by  simply  leaving  the  refreshed 
ends  in  apposition.  If  the  fracture  be  in  the  forearm  or  the  leg,  and 
both  bones  be  involved,  a  similar  procedure  is  carried  out  in  the  second 
bone  through  a  similar  incision.  If  there  is  any  considerable  gap  left 
between  the  ends  of  the  bone  after  these  have  been  cleared,  the  autoplastic 


Fig.  286.    Lane's  Elevator  for  the  Fixation  of  Fractures. 

method  of  bone-grafting  (see  p.  693)  may  be  applied:  a  graft  is  cut  off 
from  the  affected  bone  above  the  seat  of  fracture,  or  fromi  another  bone, 
and  wedged  firmly  into  the  gap. 

(&)  Non-union  accompanied  by  displacement  of  the  fragments  calls 
for  more  elaborate  treatment.  After  the  ends  have  been  cleared  of  soft 
tissues,  they  should  be  sawn  so  as  to  fit  as  accurately  to  one  another 
as  possible.  Generally  the  surfaces  of  the  fracture  are  oblique,  and  it 
may  often  be  possible  to  fashion  a  projection  in  one  end  to  fit  a  corre- 
sponding depression  in  the  other;  this  is  an  excellent  aid  to  stability 
if  it  can  be  done,  but  the  limb  should  not  be  shortened  unduly  in  order 


Fig.  287.    Keyhole  Saw  for  Bone. 

to  obtain  it.  The  sawing  may  be  done  in  situ  by  a  keyhole  saw  (see 
Fig.  287)  or  Gigli's  v/ire  saw,  but  more  accurate  work  will  be  done  by 
making  the  incision  free  enough  to  turn  the  ends  of  the  bone  out  before 
sawing  them.  This  step  also  facilitates  the  application  of  the  fixation 
apparatus  which  will  always  be  required  in  these  cases.  Fig.  286  shows 
an  excellent  instrument  for  steadying  the  bones  during  the  manipula- 
tions and  for  getting  the  ends  into  due  apposition  after  them. 

The  chief  difficulty  in  ununited  fractures  accompanied  by  displace- 
ment is  to  get  the  ends  of  the  bones  together.  The  shortening  of  the 
muscles  and  soft  parts  is  of  long  standing  and  is  very  difficult  to  over- 
come.   Much  may  be  done  by  persistent  and  powerful  traction  exerted 
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by  an  assistant,  accompanied  by  the  division  of  tight  bands  that  start  into 
relief  under  the  finger  as  the  traction  proceeds,  though  here  the  greatest 
care  is  necessary  to  avoid  damage  to  important  structures.  When  there 
is  any  projecting  edge  in  one  fragment  to  fit  into  a  depression  in  the 
other,  they  may  be  made  to  engage  by  bending  the  limb  at  the  seat  of 
fracture,  hitching  one  fragment  against  the  other,  and  then  straightening 
the  limb  again ;  this  exerts  a  most  powerful  leverage,  especially  in  the  case 
of  the  femur,  which  generally  gives  the  most  trouble.  In  fractures  of 
this  bone  in  which  the  fractured  surfaces  are  smooth  and  oblique  and 
offer  no  surfaces  that  can  be  entangled,  a  successful  result,  ue,  restoration 
of  the  normal  line  of  the  bone  without  any  sacrifice  in  length,  is  very 
difficult  to  attain  and  many  different  devices  are  practised  by  different 
surgeons.  Thus  some  have  powerful  traction  exerted  by  means,  of 
pulleys,  either  fixed  to  the  wall,  or,  better,  forming  part  of  a  special 
operating  table.  Others  use  an  instrument  such  as  Colt's,  in  which  each 
fragment  is  grasped  by  forceps,  and  then  these  are  forced  apart  by  a  turn- 
buckle  which  thus  lessens  the  gap  between  the  ends  until  these  can  finally 
be  brought  into  apposition.  Some  surgeons  do  not  attempt  to  restore  the 
limb  to  its  full  length  in  these  cases,  but  merely  saw  the  ends  of  the 
bones  so  as  to  fit. 

In  fractures  of  the  leg  and  forearm,  traction  will  generally  suffice 
to  bring  the  fractured  ends  into  apposition  provided  that  they  have 
been  freed  before  traction  is  made.  The  methods  of  mechanical  fixation 
have  been  described  already  (see  p.  705),  and  the  surgeon  will  employ 
whichever  he  thinks  best  adapted  to  the  particular  case  before  him. 

Every  visible  bleeding  vessel  is  ligatured,  and  any  persistent  oozing 
may  be  stopped  by  the  application  of  adrenalin.  The  soft  parts  are 
brought  together  over  the  seat  of  fracture  by  buried  sutures  of  chromi- 
cized  catgut,  the  skin  is  united  without  a  drainage  tube,  and  the  limb  is 
immobilized  upon  a  splint. 

Operations  for  mal-union.  Indications,  (i)  The  removal  of 
unsightly  masses  of  bone  or  those  causing  hindrance  to  the  free  use  of 
the  limb. 

(ii)  Fractures  that  have  united  with  great  angular  deformity  and  are 
both  unsightly  and  crippling  owing  to  the  shortening  produced. 

Operation.  In  the  first  group  of  cases  the  operation  is  comparatively 
simple.  The  steps  of  it  are  merely  exposure  of  the  seat  of  fracture 
and  removal  of  the  offending  masses  of  bone  without  interfering  with 
the  union. 

It  is  in  the  second  group  of  cases,  however,  that  the  surgeon  finds 
the  greatest  difficulties  of  all  the  operations  upon  fractures.  To  increase 
the  length  of  a  limb  shortened  by  union  of  a  fracture  with  great  dis- 
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placement  requires  great  resource,  much  patience,  and  considerable 
strength;  sometimes  all  these  qualities  fail  to  attain  the  object  in  view. 

The  fracture,  after  exposure,  must  be  reproduced  by  dividing  the 
uniting  medium,  and  it  is  here  that  the  surgeon  will  show  his  resource 
by  making  the  line  of  bone  section  in  such  a  way  that  the  cut  surfaces 
will  lock  into  or  rest  firmly  against  one  another  when  they  are  got  into 
apposition. 

Getting  the  surfaces  into  apposition  may  call  for  much  patience  and 
much  exertion.  The  plans  already  recommended  for  ununited  fracture 
may  be  tried,  and  will  probably  succeed  unless  the  shortening  be  very 
great  and  the  line  of  fracture  very  oblique,  but  it  is  quite  common  to 
have  to  put  up  with  a  certain  amount  of  permanent  shortening. 

After-treatment.  This  is  the  same  for  all  cases.  A  plaster-of -Paris 
casing,  applied  while  the  patient  is  still  under  the  anaesthetic  and  given 
time  to  set  before  he  is  allowed  to  come  round,  will  be  the  best  method 
of  securing  perfect  immobility  after  the  operation.  The  splint  will 
need  interruption  to  allow  of  the  application  of  dressings.  After  the 
stitches  have  been  removed,  a  casing  can  be  made  to  cover  the  whole 
limb  uninterruptedly. 

Results.  On  the  whole  these  are  not  so  good  as  theoretical  con- 
siderations would  lead  one  to  expect.  It  is  difficult  to  give  figures, 
but  probably  all  surgeons  of  experience  in  these  cases  will  admit  that 
union  is  often  much  delayed  after  operations  for  non-union,  and  in 
quite  a  fair  proportion  may  never  occur.  This  is  most  common  in 
young  children,  and  in  the  cases  characterized  by  pointed  atrophied 
bone  ends  and  an  entire  absence  of  callus.  The  most  untiring  efforts 
may  fail  in  these  cases,  and  amputation  be  the  only  alternative.  In  one 
case  I  operated  five  times  by  five  different  methods  unsuccessfully  as  far 
as  union  was  concerned. 

There  is  some  risk  of  sepsis  still  attaching  to  these  operations  upon 
the  femur  even  in  skilled  hands.  This,  of  course,  should  be  a  preventable 
occurrence. 

In  operations  for  mal-union  the  results  may  also  be  disappointing, 
inasmuch  as  it  may  be  impossible  to  restore  the  limb  to  its  normal  length, 
although  any  angular  deformity  present  before  operation  may  be  remedied 
successfully.  Even  in  these  cases,  however,  the  operation  may  be 
accompanied  by  great  delay  in  true  bony  union,  and  apparatus  may  have 
to  be  worn  for  a  very  considerable  period. 
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CHAPTER  I 
GENERAL  OUTLINE  OF  PRINCIPLES 

The  fundamental  principles  of  treatment  depend  on  a  recognition 
of  the  fact  that  the  function  of  a  joint  is  mechanical,  that  the  processes 
of  repair  follow  the  ordinary  physiological  laws,  and  that  mechanical 
injury  of  the  area  of  repair  will  retard  a  cure*  and  often  give  rise  to  a 
state  of  subacute  or  chronic  inflammation,  which  may  confuse  the  issue, 
unless  the  surgeon  clearly  understands  the  condition  with  which  he  has 
to  deal.  Strain  of  the  inferior  calcaneo-scaphoid  ligament  is  an  example 
which  should  be  familiar.  After  a  few  days'  rest  the  foot  is  free  from 
pain,  but  the  first  route  march  brings  a  return  of  the  trouble,  which 
might  have  been  permanently  relieved  by  a  small  alteration  of  the  heel 
of  the  boot  to  divert  the  body  weight  on  to  the  outer  side  of  the  foot, 
and  so  save  the  injured  ligament  from  unnecessary  strain  until  it  has 
fully  recovered  its  strength. 

It  will  therefore  be  necessary  to  deal  not  only  with  injuries  of  the 
joints  themselves,  but  also  with  those  of  structures  about  joints,  in  order 
that  a  clear  diagnosis  may  be  made. 

The  two  chief  difficulties  which  seem  to  trouble  most  practitioners 
who  have  not  had  the  opportunity  of  handling  a  large  number  of  joint 
injuries,  are  to  decide  what  is  the  most  appropriate  immediate  treatment, 
and  when  and  how  to  commence  moving  the  injured  joint,  especially 
after  the  more  serious  injuries. 

The  solution  of  the  first  is  found  in  accurate  diagnosis  of  the  injury, 
and  in  forming  a  clear  idea  of  the  mechanical  and  physiological  factors 
which  enter  into  the  processes  of  repair.  As  a  simple  illustration  of 
this,  we  will  assume  that  a  man  jumping  from  a  wall  or  into  a  trench 
lands  on  the  edge  of  a  clod  of  earth,  and  violently  twists  his  foot  inwards. 
He  feels  a  sharp  stab  of  pain  on  the  outer  side  of  the  ankle,  his  neigh- 
bours perhaps  hear  a  sharp  click  which  makes  them  think  he  has  broken 
a  bone.  By  the  time  the  man  has  Jimped  ^bout  and  is  seen  by  a  surgeon, 
the  whole  ankle  is  swollen  and  painful.  Having  excluded  a  Pott's 
fracture  by  running  his  finger  down  the  fibula  and  finding  it  intact,  the 
surgeon  makes  the  diagnosis  of  'sprained  ankle'.     The  time-honoured 
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remedy  of  cold-water  bandages  or  the  application  of  some  cooling  lotion 
combined  with  rest  '  till  the  swelling  goes  down '  is  in  many  cases  too 
frequently  adopted ;  the  patient  subsequently  being  allowed  up  in  a  soft 
slipper,  which  is  almost  the  worst  thing  he  can  do  in  the  convalescent 
stage.  Although  the  ankle  is  very  painful,  it  will  bear  gentle  but  firm 
handling;  the  history  points  to  an  injury  about  the  external  malleolus, 
and  the  inference  is  that  there  is  a  rupture  of  one  of  the  three  slips  of 
the  external  lateral  ligament  of  the  ankle,  or  perhaps  an  avulsion  of  a 
scale  of  bone  from  the  tip  of  the  malleolus,  which  is  technically  a  fracture, 
but  for  all  practical  purposes  a  sprain.  Pressure  with  a  finger  over  each 
division  of  the  external  lateral  ligament  in  turn  will  find  a  point  of 
extreme  tenderness,  and  so  we  locate  exactly  the  injury. 

The  treatment  carried  out  should  be  with  the  definite  object  of  getting 
the  torn  ends  of  the  ruptured  ligament  to  unite  by  first  intention,  or  to 


Fig.  288.    Rectangular  Foot-splint. 

avoid  confusion  with  the  terms  first  and  second  intention  as  commonly 
applied  to  the  history  of  aseptic  and  septic  wounds,  let  us  ^ay  by 
immediate  rather  than  by  delayed  union. 

First,  the  foot  should  be  everted  in  order  to  relax  the  ruptured  liga- 
ment and  bring  the  torn  ends  as  near  each  other  as  possible.  Second, 
avoiding  for  the  present  the  question  of  massage,  the  effusion  can  be 
got  rid  of  by  firm  bandaging  over  several  layers  of  cotton-wool,  the 
bandages  passing  not  in  the  orthodox  manner  from  within  outwards 
across  the  front  of  the  leg,  but  from  ztnthout  inwards  so  as  to  keep  the 
foot  everted.  Third,  a  rectangular  foot-splint  should  be  applied  to 
prevent  any  recurrence  of  the  ligamentous  strain  (Fig.  288). 

The  boot — a  comfortable  one — should  have  a  couple  of  wedge-shaped 
patches  of  leather  put  on  the  heel,  base  to  the  outer  side,  to  maintain 
eversion  of  the  ankle  when  the  patient  stands.    According  to  the  prompt- 
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ness  with  which  treatment  is  commenced,  all  swelling  will  have  dis- 
appeared in  from  twelve  to  thirty-six  hours,  with  the  exception  perhaps 
of  a  little  local  swelling  round  the  seat  of  injury. 

It  may  be  advisable  in  some  cases  to  apply  a  pad  of  sticking  plaster, 
sticky  side  outwards,  to  fit  over  the  area  of  injury.  This  pad  should  be 
about  three-quarters  of  an  inch  wide  and  half  a  dozen  layers  thick;  the 
foot  can  then  be  strapped  in  the  everted  position,  the  strapping  being 
applied  as  a  figure-of-eight  bandage.  This  makes  an  excellent  local  splint. 
The  united  effects  of  the  strapping  and  the  wedge  heel  make  it  impossible 
for  him  to  put  tension  on  the  torn  ligament  when  walking.  The  physi- 
ological exercise  of  the  foot  will  prove  a  better  stimulus  to  the  normal 
processes  of"  circulation  and  repair  than  even  the  best  massage.  Pro- 
vided no  strain  is  allowed  at  the  seat  of  the  injury,  in  a  few  days  the 
foot  will  give  no  further  trouble,  in  a  fortnight  he  may  be  fit  for  full 
duty,  even  after  a  bad  sprain.  If  instead  of  a  boot,  he  wears  a  shoe, 
or  still  worse,  a  soft  slipper,  he  is  sure  to  tear  the  young  cicatricial  tissue 
forming  between  the  ends  of  the  torn  ligaments,  which  can  then  only 
recover  by  delayed  union.  Everybody  knows  that  a  sprained  ankk  may 
make  a  man  lame  for  many  weeks,  but  the  period  of  incapacity  depends 
largely  on  the  mechanical  efficiency  of  the  treatment  he  receives  as  well 
as  on  the  severity  of  the  original  lesion. 

A  rough  classification  of  the  injuries  of  which  we  propose  to  treat 
may  be  given  as  follows : 

I.  Strains  of  muscular  attachments  about  joints  often  give  rise 
to  serious  impairment  of  function.  Froni  incomplete  diagnosis  these 
conditions  are  often  inefficiently  treated.  They  are  diagnosed  by  the  fact 
that  there  are  certain  movements  which  the  patient  cannot  perform 
because  he  is  suddenly  pulled  up  by  pain,  which  he  localizes  fairly  exactly 
at  some  point  about  a  joint.  Careful  testing  of  the  movement  which 
hurts  will  generally  prove  that  active  contraction  against  resistance,  or 
passive  stretching  of  a  certain  group  of  muscles,  causes  the  pain.  Further 
careful  palpation  will  find  a  tender  spot  just  at  the  attachment  of  a 
tendon,  over  an  area  perhaps  no  bigger  than  a  sixpence,  and  a  little 
swelling  with  a  suggestion  of  oedema  or  fluid  may  be  felt  deep  down  on 
the  surface  of  the  bone.  This  tender  spot  is  the  key  to  the  situation. 
It  is  a  small  patch  of  effusion  below  the  periosteum  or  in  the  fibres  of  the 
tendon  which  run  in  and  through  the  periosteum  to  the  bone,  constituting 
the  origin  or  insertion  of  the  muscle. 

The  pain  is  due  to  tension  on  this  effusion  caused  by  tension  on  the 
muscle  or  by  direct  pressure  on  the  (Edematous  spot. 

Such  an  injury  may  be  acute  in  type,  arising  from  a  single  sudden 
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wrench,  stretching,  tearing,  or  otherwise  loosening  the  strong  fibro- 
tendinous  plexus;  it  may  be  subacute,  arising  from  repeated  smaller 
injuries,  as  in  the  familiar  *  tennis  '  and  *  golf  *  elbows;  or  either  of  these 
may  pass  on  to  a  chronic  stage,  never  entirely  dormant,  and  liable  to 
become  more  acute  on  any  provocation,  and  this  chronic  stage  may 
continue  for  weeks,  disabling  the  patient  from  taking  part  in  active 
pursuits.  The  reason  why  this  trifling  injury  is  often  so  long  continued 
and  troublesome  is  that  every  time  tension  is  put  on  the  muscle  a  fresh 
assault  is  inflicted  on  the  injured  tissues,  and  this  repeated  injury 
maintains  the  effusion  and  prevents  repair  of  the  stretched  or  torn 
fibrils. 

Treatment  should  therefore  be  directed  definitely,  first,  towards  get- 
ting rid  of  the  effusion  which  separates  the  torn  ends  of  tissues  and  so 
allowing  them  to  come  into  their  proper  position;  second,  towards  pre- 
venting any  movement  or  muscular  effort  from  stretching  and  tearing 
the  newly  formed  repair  tissue  and  so  making  the  condition  chronic. 

This  may  be  done  (a)  by  firm  pressure  with  a  folded  pad  of  sticking 
plaster  strapped  over  the  area  of  effusion  to  promote  its  absorption  and 
to  act  as  a  local  splint  on  the  injured  fibres;  (b)  by  a  similar  pad  and 
strap  placed  on  the  tendon  just  above  the  inflamed  area;  this  acts  as  a 
stop,  preventing  the  tension  on  the  muscle  from  being  transmitted  in  its 
full  force  to  the  injured  attachment.  This  is  comparable  to  the  half-turn 
round  a  post  which  a  sailor  takes  with  a  rope  when  he  wishes  to  check  a 
movement  which  he  could  not  stop  by  the  direct  application  of  his 
strength.  This  is  no  new  principle,  although  sadly  overlooked  by  the 
profession,  for  every  workman  who  puts  a  strap  around  his  wrist  to  ease 
a  strained  tendon  is  putting  it  into  practice.  The  wonder  is  that  so  few 
surgeons  apply  it  to  the  deltoid,  the  quadriceps  extensor,  the  ankle  and 
the  foot,  as  well  as  to  the  wrist. 

We  often  have  to  deal  with  the  chronic  case.  Here  the  trouble  is 
that  repeated  small  injuries  with  repeated  efforts  at  repair  have  produced 
a  small  plexus  of  new  fibrous  tissue,  which  itself  impedes  the  free  access 
of  blood  necessary  for  the  complete  removal  of  effusion  and  the  con- 
clusion of  the  processes  of  repair. 

Treatment  must  then  be  directed  to  encouraging  a  free  flow  of  blood 
to  and  through  the  injured  area.  This  is  not  effected  by  a  passive  con- 
gestion, but  by  massage  and  alternate  applications  of  hot  and  cold  water, 
by  counter-irritation,  and  in  obstinate  cases,  where  the  pain  is  confined 
to  a  very  limited  area,  by  puncture  with  a  heated  needle,  which  both 
destroys  implicated  nerve-ends  and  produces  an  increased  flow  of 
blood. 

2.    Sprains  of  ligaments,  that  is,  rupture  of  fibres  of  ligaments. 
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This  injury  may  occur  anywhere  in  the  extent  of  the  ligament,  either 
at  one  of  its  attachments  or  in  the  body  of  the  ligament.  All  the  general 
remarks  about  the  nature  of  the  processes  at  work  made  in  the  previous 
section  apply  to  these  injuries. 

First  localize  the  injury  accurately,  then  reduce  effusion,  and  finally 
prevent  repetition  of  the  injury  by  preventing  mechanical  strain. 

The  above  two  classes  of  injury  should  invariably  end  in  recovery 
without  any  impairment  of  movement,  the  time  occupied  depending 
largely  on  the  efficiency  of  the  immediate  treatment. 

In  the  more  severe  types  of  injury  stiffness  or  ankylosis  may  arise 
as  a  result  of  efforts  at  repair.  In  such  cases  there  must  be  added  to  the 
immediate  treatment  to  secure  repair  of  injured  tissues,  a  carefully 
considered  scheme  of  after-treatment  to  restore  freedom  of  move- 
ment. 

3-  Extensive  rupture  of  ligaments,  including  dislocation. 

In  cases  of  dislocation,  obviously,  reduction  of  the  displacement  is  the 
first  consideration.  Next,  the  joint  must  be  left  at  rest  to  allow  repair 
of  the  extensively  torn  soft  tissue.  This  repair  means  a  considerable 
deposit  of  new  fibrous  tissue.  Short  strong  bands  of  fibrous  tissue  about 
a  joint  which  impede  freedom  of  movement  are  spoken  of  as  *  adhesions  ', 
and  a  time  may  come  when  it  is  necessary  to  break  down  these  adhesions. 
It  is  important  to  know  the  right  time  for  doing  this.  It  is  unfortunate 
that  in  many  text-books  of  surgery  the  phrase  *  early  passive  movement ' 
has  been  employed  without  clearly  defining  the  limits  of  its  usefulness. 
This  is  not  really  difficult  if  due  regard  is  paid  to  the  histological 
processes  of  repair.  Take,  for  example,  a  posterior  dislocation  of  the 
elbow  without  any  fracture  complications.  The  dislocation  has  been 
reduced  and  the  elbow  put  in  an  acutely  flexed  position  to  relax  the  torn 
anterior  ligaments.  Between  and  about  the  torn  ends  of  the  ligaments 
there  is  a  mass  of  blood-clot  and  plastic  effusion,  part  of  which  will  be 
absorbed  and  become  organized  by  the  ingrowth  of  blood-vessels  and 
fibroblasts  laying  down  new  strands  of  white  fibrous  tissue.  If  we  could 
see  this  a  few  days  later,  the  whole  area  would  be  a  vascular  mass,  cor- 
responding to  the  stage  of  granulations  of  a  surface  wound,  and,  like  the 
surface  wound,  tender  to  finger  pressure.  This  tenderness  to  pressure 
is  an  important  index,  for  it  means  that  the  cicatrix  is  still  so  fresh  and 
vascular  that  any  attempt  at  passive  extension  will  tear  the  new  tissue, 
cause  pain,  more  bleeding,  and  more  effusion,  the  repair  of  which  means 
a  more  dense  fibrous  cicatrix  than  is  desirable,  resulting  in  unnecessarily 
strong  adhesions. 

If  the  surgeon  restrains  himself  and  leaves  the  movement  to  the 
patient,  in  the  case  of  the  elbow,  slackening  the  sling  each  day  so  that 
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the  wrist  falls  a  little  lower,  but  on  no  occasion  so  far  as  to  tear  the 
cicatrix,  and  allows  the  patient  to  flex  and  extend  his  elbow  within  the 
limits  allowed  by  the  sling,  without  pain,  then  we  may  expect  local  ten- 
derness to  die  away,  and  a  natural  recovery  to  take  place. 

This  process  of  recovery  may  be  expedited  by  a  judicious  exercise 
of  passive  movement.  The  joint  should  be  gently  moved  through  its 
complete  range  of  movement,  and  rested  until  it  recovers  from  the 
assault.  The  object  is  to  release  the  joint  from  obstructing  bands,  and 
this  must  be  done  in  such  a  way  as  to  minimize  reaction.  Once  and 
once  only  should  it  be  flexed,  extended,  pronated,  and  supinated  at  each 
manipulation.  This  can  be  repeated  each  day  or  at  longer  intervals 
according  to  the  degree  of  reaction  produced.  The  to-and-fro  oft- 
repeated  method  must  be  utterly  condemned. 

We  should  never  add  the  injury  caused  by  passive  movement  to  an 
existing  active  state  of  reparative  inflammation,  but  wait  till  the  reparative 
action  has  quieted  down.  If  the  patient's  range  of  voluntary  movement 
the  day  after  passive  movement  is  less  than  before,  it  is  a  clear  indication 
that  the  joint  is  still  too  actively  inflamed  to  undergo  passive  movement 
If  after  passive  movement  the  pain  is  less  and  the  range  of  movement 
is  greater  than  before,  it  is  safe  to  go  on  with  both  active  and  passive 
movement. 

4.  Injuries  of  joints  associated  with  fracture,  either  into  the 
joint  or  so  near  the  joint  as  to  affect  the  proper  relation  of  the  joint  sur- 
face to  the  line  of  the  limb,  and  compound  injuries  including  gunshot 
wounds,  which  smash  bones  as  well  as  tear  soft  parts,  introduce  new 
complications,  which  must  be  foreseen  and  as  far  as  possible  guarded 
against  by  anticipatory  treatment.  Fragments  of  bone  or  masses  of 
new-formed  callus  may  form  a  mechanical  obstruction  to  movement.  A 
most  conspicuous  example  of  this  is  to  be  found  in  the  front  of  the 
elbow,  where  a  block  of  bone  may  obstruct  flexion.  This  danger  i^ 
obviated  by  fixing  the  elbow  in  the  fully  flexed  position. 

In  cases  of  fracture  into  the  joint  or  bullet-wounds  which  have 
destroyed  the  joint  cartilages,  some  degree  of  repair  tissue  may  be 
formed  between  the  two  bones.  If  this  repair  tissue  remains  fibrous, 
a  good  functional  joint  may  be  secured  by  treatment  which  will  be 
referred  to  later.  If  this  repair  tissue  should  ossify,  absolute  ankylosis 
will  result,  and  may  call  for  operation.  When  bony  ankylosis  is  foreseen 
as  inevitable,  the  surgeon  must  decide  in  what  position  the  joint  is  to 
be  allowed  to  ankylose,  so  as  to  obtain  the  best  possible  function  for 
the  limb. 

In  the  upper  limb  the  use  of  a  knife  and  fork,  the  difficulties  asso- 
ciated wnth  collar-studs  and  dressing  the  hair,  and  manifold  other  con- 
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siderations,  help  us  to  decide  the  question,  while  in  the  lower  limb  we 
desire  a  firm  support  for  walking  with  a  minimum  of  limp. 

The  question  of  an  operation  to  form  a  false  joint  does  not  arise  in 
the  first  instance;  it  is  only  to  be  considered  when  the  result  of  the 
original  treatment  has  ended  in  an  intolerable  condition,  and  then  the 
patient  must  help  us  to  decide. 


CHAPTER  II 
BANDAGING,  MASSAGE,  MOVEMENT 

Direction  of  bandaging.  The  traditional  teaching  of  bandaging 
*  from  within  outwards  over  the  front  of  the  limb ',  however  useful  as 
a  means  of  training  students  to  obtain  dexterity  in  handling  bandages, 
must  be  abandoned  when  treating  joints.  The  bandage  in  the  hands  of 
the  surgeon  is  an  important  part  of  the  apparatus  for  retaining  the  joint 
in  the  required  position.  The  bandage  is  not  a  mere  means  of  keeping 
a  dressing  in  position,  but  should  be  regarded  as  a  modified  splint. 

As  a  general  rule  the  figure  of  eight  is  essential  about  joints,  and  the 
position  of  crossing  important.  For  example,  in  bandaging  a  knee  to 
support  a  strained  internal  lateral  ligament,  the  bandage  should  be  applied 
so  as  to  check  any  abduction  movement  of  the  joint  and  so  prevent  ten- 
sion on  the  injured  ligament;  therefore  a  thin  pad  of  wool  should  be 
placed  over  the  injured  ligament,  and  the  bandages  should  cross  to  and 
fro  over  this  pad.  The  crossings  of  the  bandage  would  press  on  the" 
inner  side  of  the  knee,  and  the  upper  and  lower  loops  of  the  eight  would 
tend  to  pull  the  thigh  and  leg  towards  it  and  so  keep  the  internal  ligament 
relaxed. 

To  keep  the  foot  everted  at  the  ankle  and  relax  the  external  ligament, 
the  bandage  would  cross  the  sole  from  within  outwards  and  the  front 
of  the  leg  from  without  inwards;  the  draw  of  the  bandage  as  it  is  put 
on  pulls  the  outer  edge  of  the  sole  up  towards  the  external  malleolus, 
and  the  crossing  would  be  kept  well  to  the  outer  side.  To  relax  the 
internal  ligament,  every  movement  would  be  in  the  reverse  direction. 

Bandages  of  calico  are  more  efficient  than  flannel  or  domette,  for  the 
woollen  materials  stretch  too  much  to  produce  an  efficient  grip  of  the 
limb. 

Elastic  pressure.  Elastic  pressure,  to  check  bleeding  or  promote 
absorption  without  interfering  with  the  general  circulation  of  the  limb, 
can  be  obtained  by  using  large  quantities  of  cotton-wool,  and  is  best  done 
as  follows :  first  swathe  the  part  in  wool  and  bandage  firmly  over  this, 
taking  care  that  the  bandage  is  running  in  the  right  direction  to  maintain 
the  desired  position.  Then  apply  more  sheets  of  cotton-wool  and  con- 
tinue the  bandaging  rather  tighter  than  the  first  layer,  and  so  on,  layer 
after  layer,  each  put  on  tighter  than  the  former.    As  the  swelling  goes 
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down  the  bandages  will  become  loose.  Do  not  disturb  the  joint  by 
removing  the  bandage,  but  keep  up  the  pressure  by  an  additional  bandage 
over  everything.  This  can  be  removed  and  reapplied  as  often  as  neces- 
sary without  moving  the  joint  or  disturbing  the  position  of  the  wool 
padding.  The  more  wool  is  used  the  tighter  can  the  bandage  be  applied 
without  fear  of  doing  harm  or  hurting  the  patient. 

Massage.  It  should  be  clearly  understood  that  massage  of  a  joint 
does  not  include  movement.  A  masseur  who  will  not  massage  without 
moving  a  joint  will  often  do  more  harm  than  good,  because  he  disturbs 
tissues  which  should  be  left  at  rest  to  undergo  repair. 

1.  Massage  immediately  after  the  injury,  before  effusion  has  taken 
place,  checks  haemorrhage  into  the  part,  stops  effusion  of  lymph,  relieves 
pain,  and  so  leaves  the  tissues  ready  to  commence  immediate  union,  like 
a  clean  cut  which  is  immediately  closed  edge  to  edge. 

As  an  illustrative  example,  take  once  more  rupture  of  the  anterior 
division  of  the  external  lateral  ligament  of  the  ankle-joint.  Immediately 
after  the  injury,  when  the  boot  is  removed,  there  may  be  a  swelling 
below  and  in  front  of  the  malleolus  as  big  as  a  pigeon's  egg.  If  vibratory 
massage  is  at  once  given  by  pressing  the  pulps  of  all  the  fingers  firmly  on 
this  and  communicating  a  firm  vibratory  movement  from  the  wrist, 
this  swelling  will  disappear  in  a  few  minutes.  A  small  pad  and  a  firm 
bandage  to  evert  the  foot  is  then  applied,  and  the  patient  can  walk  home 
without  any  great  swelling  round  the  ankle.  The  art  of  vibrating  is  of 
course  only  to  be  acquired  by  practice,  and  is  a  muscular  effort  on  the 
part  of  the  masseur,  which  soon  becomes  very  fatiguing,  hence  the 
numerous  mechanical  vibrators  on  the  market. 

If  the  patient  has  to  hobble  home  without  this  immediate  treatment, 
the  whole  region  of  the  joint  is  so  swollen  that  much  valuable  time  may 
be  lost  in  getting  rid  of  the  effusion  before  the  tissues  can  really  set 
about  the  process  of  repair. 

2.  Once  general  swelling  has  made  its  appearance,  the  joint  should 
be  put  in  such  a  position  that  the  injured  tissues  are  relaxed,  and  gentle 
rubbing  in  the  direction  of  the  venous  circulation  will  help  to  get  rid  of 
the  effusion.  If  there  is  any  fear  of  doing  harm  by  inadvertently  moving 
the  joint,  it  is  better  to  rely  entirely  on  elastic  pressure  and  rest  and 
elevating  the  limb  to  hasten  absorption  of  exudates. 

3.  Massage  of  muscles,  by  gentle  deep  kneading,  by  stroking,  and  by 
gentle  pinching  and  rolling  between  the  fingers,  is  of  great  assistance  in 
maintaining  the  nutrition  and  circulation  of  a  limb  when  the  nature  of 
the  injury  demands  prolonged  fixation,  but  it  must  be  done  without 
moving  any  part  undergoing  the  process  of  repair.  Anything  which 
improves  nutrition  aids  repair. 
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4.  Deep-pressure  massage  with  coarse  vibration,  followed  by  firm 
rubbing,  is  of  great  service  in  promoting  circulation  in  masses  of  cicatri- 
cial tissue  resulting  from  the  repair  of  severe  injuries.  Dense  fibrous 
tissue  is  not  elastic,  hence  the  blood-vessels  in  it  cannot  expand  easily  in 
response  to  changes  of  pressure.  Patients  with  such  cicatrices  complain 
of  *  rheumatic  '  pains;  these  are  probably  due  to  the  same  cause  as  shoot- 
ing pains  in  corns  when  a  fall  in  the  barometer  precedes  a  thunderstorm, 
and  are  entirely  due  to  imperfect  adjustment  of  blood-pressure.  Mas- 
sage not  only  relieves  this  pain  temporarily,  but  helps  to  induce  more 
elasticity  and  better  circulation  in  the  cicatricial  masses. 

Movement.  Movement  is  always  bad  for  an  actively  inflamed 
tissue — by  *  inflamed  '  we  mean  a  tissue  that  is  actively  hyper^emic  as  the 
result  of  a  lesion,  and  not  in  the  narrow  sense  of  septic  inflammation,  and 
for  the  present  purposes  we  include  the  active  hyperaemia,  which  is  part 
of  the  process  of  healthy  repair. 

Movement  is  of  three  kinds: 

1.  Involuntary  reflex  movement. 

2.  Voluntary  movement. 

3.  Passive  movement. 

1.  Involuntary  reflex  movement  should' be  controlled  by  efficient 
fixation.  When  a  patient  with  an  injured  bone  or  joint  is  awake,  and 
the  injured  part  is  not  completely  fixed,  he  unconsciously  keeps  it  at  rest 
by  means  of  his  muscles.  This  muscular  guard  is  a  nerve-muscle  eff^ort, 
and  is  itself  exhausting  to  the  patient.  When  the  patient  falls  asleep 
nervous  and  muscular  systems  sleep  also;  the  injured  part  deprived  of 
the  muscular  guard  moves,  there  is  a  spasm  of  pain,  a  reflex  contraction 
of  the  muscles,  which  again  causes  pain,  and  the  patient  is  awake.  This 
ought  to  be  prevented  by  proper  fixation,  for  pain,  loss  of  sleep,  and 
constant  muscular  action,  even  though  unconscious  or  subconscious,  are 
all  exhausting. 

2.  Voluntary  movement  is  the  natural  physiological  function  of 
muscles  and  joints,  and  is  the  best  physiological  stimulus  to  their  proper 
nutrition  and  well-being.  Pain  is  nature's  method  of  controlling  volun- 
tary movement  which  may  be  harmful,  and  the  exceptions  to  this  rule 
are  very  few.  Hence  early  active  movement  which  causes  no  pain  can 
seldom  be  harmful,  and  is  often  beneficial.  This  can  often  be  obtained 
by  fixing  a  joint  so  that  one  particular  harmful  movement  cannot  be 
performed — all  harmless  movements  being  but  little  impeded.  This 
makes  for  good  nutrition  and  rapid  repair. 

3.  Passive  movement  being  performed  by  a  second  person,  regard- 
less of  warnings  by  pain,  should  never  be  resorted  to  unless  the  surgeon 
knows  exactly  what  he  wants  to  do  and  why.     It  should  practically  be 
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limited  to  forcing  a  free  path  for  movements  which  are  obstructed  by 
adhesions.  When  adhesions  are  thus  broken  down  under  an  anaesthetic 
the  process  should  be  thorough,  and  if  possible,  carried  out  by  one  firm 
movement.  I  would  again  emphasize  the  fact  that  repeated  to-and-fro 
movements  are  liable  to  cause  unnecessary  damage,  increased  reaction 
and  effusion,  and  an  increase  of  pain.  Having  broken  down  adhesions, 
it  should  be  sufficient  to  put  the  joint  through  its  full  range  of  movement 
once  a  day,  and  once  only,  until  the  patient  can  perform  the  movement 
voluntarily. 


CHAPTER  III 

PAIN  AND  STIFFNESS  IX  RELATION  TO  DIAGNOSIS  AND 

TREATMENT 

Pain  and  stiffness  in  and  about  joints  are  valuable  aids  to  diagnosis 
and  treatment. 

In  cases  of  recent  injury  about  joints,  where  the  whole  region  of  the 
joint  is  swollen,  the  patient  very  often  complains  that  the  whole  joint 
aches,  and  savs  that  he  cannot  bear  it  to  be  touched. 

If  the  surgeon  approaches  the  case  gently  he  should  be  able  to  deter- 
mine at  once  whether  the  injury  is  a  serious  one  of  the  joint  itself,  or 
merely  some  less  important  injury  of  structure  outside  the  joint. 

To  do  this  it  is  necessary  to  avoid  hurting  the  patient,  because  then 
the  muscular  resistance  excited  by  the  pain  will  make  further  accurate 
examination  very  difficult.  An  injured  joint  resents  any  sudden  jar  or 
jolt,  and  when  there  is  effusion  in  the  cavity  of  the  joint,  any  movement 
of  it  may  raise  the  tension,  and  thus  cause  pain. 

The  hands  should  therefore  first  be  laid  on  the  limb  above  and  below 
the  joint  very  gently.  If  the  history  of  the  injury  suggests  that  it  is 
most  likely  a  rupture  of  some  ligament,  the  hands  can  be  passed  gently 
over  the  joint,  feeling  for  some  point  of  acute  tenderness  over  the 
ruptured  ligament.  Next  the  limb  may  be  held  firmly  above  and  below  the 
joint  and  very  gently  moved. 

LfOCalized  pain.  If  it  is  found  that  some  movements — those  which 
do  not  put  tension  on  the  suspected  ligament — do  not  cause  much  pain, 
and  are  not  strongly  resisted,  while  the  least  movement  in  the  direction 
which  stretches  the  suspected  ligament  is  immediately  resisted  and  causes 
sharp  pain  in  the  region  which  was  found  to  be  most  tender  to  touch,  it 
will  be  pretty  clear  that  the  injur)-  is  located  to  one  structure  or  group  of 
structures,  muscular  or  ligamentous,  on  one  side  of  the  joint.  The 
surgeon  has  then  a  guide  to  help  him  to  decide  in  what  position  he  is 
to  place  the  limb,  and  he  can  confirm  his  diagnosis  later  when  the  swelling 
and  first  tenderness  have  passed  off. 

The  diagnosis  of  severe  joint  lesions  is  often  obscured  by  swelling, 
and,  indeed,  in  many  very  serious  injuries  involving  bone  and  ligaments, 
bony  deformity  may  be  entirely  masked.  The  surgeon  should  at  once 
be  put  on  his  guard  by  the  fact  that  any  movement  of  the  joint  is  at  once 
resisted  and  causes  pain.    We  therefore  get  a  rule  of  guidance: 
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1.  Pain  on  movement  in  every  direction  suggests  a  lesion  in  the  joint 
or  in  parts  intimately  connected  with  it. 

2.  Freedom  of  movement  in  one  or  more  directions,  but  not  in  all, 
suggests  a  lesion  of  some  groups  of  structures  outside  the  joint  proper. 

Pain  due  to  contusion  of  joint  cartilage  may  not  make  its  ap- 
pearance until  two  or  three  weeks  after  the  accident.  This  condition  is 
not  described  in  text-books.  It  occurs  in  a  very  typical  form  in  the 
shoulder- joint  in  association  with  Colles's  fracture  of  the  lower  end  of 
the  radius.  A  patient  falls  heavily  on  the  hand  and  sustains  a  Colles's 
fracture.  The  fracture  is  treated,  but  no  complaint  is  made  of  the  shoul- 
der. A  fortnight  or  three  weeks  later,  when  the  fracture  is  getting  bet- 
ter, and  greater  freedom  of  the  limb  is  allowed,  the  patient  experiences 
pain  when  he  tries  to  move  the  shoulder.  He  considers  this  due  to  stiff- 
ness, and  goes  on  moving  his  shoulder,  and  soon  both  pain  and  stiffness 
become  worse.  The  doctor  too  often  tries  passive  movement,  and  the 
shoulder  gets  still  worse.  A  vague  diagnosis  of  *  rheumatism  '  is  often 
made,  and  later  the  patient,  failing  to  obtain  relief,  does  nothing,  and  in 
three  or  more  months  his  shoulder  recovers.  What  has  really  happened 
is  that  at  the  time  when  he  fell  on  his  hand  he  bruised  or  crushed  the 
shoulder- joint  cartilage.  Cartilage,  like  the  cornea,  is  a  non-vascular 
structure.  When  the  cornea  is  injured,  no  repair  can  take  place  till  a 
little  leash  of  new  vessels  grows  in  from  the  nearest  part  of  the  sclerotic. 
When  repair  is  complete,  these  vessels  disappear,  leaving  a  fine  hair 
streak  leading  from  the  sclerotic  to  the  nebula,  which  is  the  cicatrix  at 
the  seat  of  injury. 

Much  the  same  process  occurs  in  an  injured  joint  cartilage.  The 
debris  of  crushed  cells  and  cartilaginous  tissue  cannot  be  cleared  away 
till  new  vessels  have  grown  in,  constituting  a  process  of  reparative  inflam- 
mation. In  the  injury  of  the  shoulder  associated  with  a  Colles's  fracture, 
this  process  starts  while  the  patient  has  his  arm  in  a  sling,  and  goes  on 
quietly  without  his  knowledge.  At  the  end  of  a  fortnight  or  so  the 
vascularization  of  the  cartilage  is  active,  and  the  effect  of  movement  is 
to  rub  the  inflamed  cartilage  and  add  to  the  pre-existing  injury,  conse- 
quently the  result  of  movement  is  that  there  is  more  pain. 

The  seat  of  the  inflamed  area  is  within  the  joint,  and  movement  is 
limited  and  resented  in  every  direction. 

Rules.  I  will  formulate  certain  rules  which  may  be  helpful  in 
deciding  whether  to  move  a  joint  or  not. 

(a)  A  joint  may  be  assumed  to  be  free  from  arthritis  when  even 
one  of  its  movements  is  free. 

(b)  Traumatic  arthritis  follows  an  injury  after  an  interval  of  free 
movement,  lasting  usually  over  a  fortnight. 
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(c)  Restricted  movements  due  to  adhesions  are  noticed  very  shortly 
after  the  occurrence  of  injury. 

(d)  Except  when  following  serious  injuries,  adhesions  restrict  the 
movements  of  joints  in  one  or  more,  but  not  in  all  directions. 

(e)  A  joint,  the  seat  of  arthritis,  should  not  be  moved  until  all 
inflammatory  symptoms  have  subsided. 

(/)  If  adhesions  are  broken  down  under  an  anaesthetic,  the  joint 
should  be  put  through  its  complete  range  of  movement,  otherwise  a 
recurrence  of  symptoms  may  be  expected. 

Pain  in  cicatrices.  Pain  at  the  site  of  a  healed  injury  is  often  very 
confusing  to  the  practitioner.  Very  often  after  an  injury  due  to  violence, 
repair  is  only  accomplished  by  the  formation  of  a  considerable  mass  of 
cicatricial  tissue.  If  there  has  been  a  suppurative  wound  associated  with 
much  bruising  and  tearing  of  the  soft  parts,  as  in  a  shrapnel  or  bullet 
wound  which  has  driven  shattered  bone  through  the  soft  parts,  there  must 
be  for  a  long  time  a  mass  of  cicatricial  tissue  in  the  deeper  parts  of  the 
wound,  often  out  of  proportion  to  the  size  of  the  surface  wound  of  entry. 

After  the  sepsis  has  been  overcome  and  the  wound  has  healed,  these 
cicatrized  areas  remain  tender;  shooting  pains  are  felt,  and  are  some- 
times called  neuritis,  though  there  is  no  real  inflammation  of  the  nerve: 
often  the  pain  passes  off  when  the  patient  uses  the  limb,  but  reappears 
at  night;  such  cicatricial  areas  are  also  sensitive  to  changes  of  atmos- 
pheric pressure.  Pain  of  this  type  is  generally  due  to  irregularities  of 
blood-pressure.  If  such  an  area  were  superficial  it  would  be  a  dusky 
scar,  obviously  the  seat  of  venous  congestion,  and  the  treatment  would 
be  to  promote  vascular  activity.  To  test  this  in  deeply  situated  cicatrices 
about  joints,  all  that  is  necessary  is  to  promote  a  rapid  flow  of  blood  to 
the  surface  by  lightly  slapping  and  massaging  the  skin;  as  soon  as  a 
rosy  flush  appears  on  the  skin,  ask  the  patient  to  move  the  joint,  and  if 
he  can  do  so  with  less  pain  and  stiffness  than  before  it  will  be  obvious 
that  the  slight  alteration  in  blood-pressure  has  made  all  the  difference. 

The  treatment  advised  will  therefore  be: 

(a)  To  use  the  limb  with  tolerable  freedom. 

(&)  To  assist  the  restoration  of  free  circulation  by  deep  massage. 

(c)  To  relieve  pain  at  night,  by  hot  applications  to  the  surface,  so 
that  the  patient  may  have  longer  periods  of  undisturbed  sleep. 

Electricity,  especially  high  frequency  current  and  diathermy,  and  also 
h(jt-air  baths  and  radiant  heat,  relieve  pain  of  this  type,  but  in  all  cases 
the  venous  congestion  and  pain  return  as  the  limb  cools  down. 

As  these  measures  are  often  not  available,  a  very  simple  remedy 
which  is  always  accessible  may  be  substituted,  namely : 

Contrast  baths.     Contrast  bathing  with  hot  and  cold  water.    Two 
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buckets  are  required,  one  with  the  hottest  water  the  patient  can  bear, 
and  the  other  with  the  coldest  that  can  be  procured.  In  the  case  of  a 
foot  or  wrist  the  injured  limb  is  plunged  first  into  the  one  and  then  into 
the  other  as  fast  as  the  patient  can  change  them  for  five  or  ten  minutes ; 
in  other  parts  two  sponges  may  be  used,  one  for  hot  and  one  for  cold 
water.  The  effect  is  to  cause  the  small  vessels  to  dilate  and  contract 
rapidly.  The  treatment  thus  acts  as  a  species  of  gymnastics  for  the 
muscles  in  the  vascular  walls.  Besides  relieving  the  pain  the  result  is  an 
improvement  in  the  physiological  efficiency  of  the  tissues  at  fault.  This 
is  not  achieved  to  anything  like  the  same  extent  by  hot  air  and  the  various 
electric  treatments. 


CHAPTER  IV 
STIFFNESS  AND  LIMITATION  OF  MOVEMENT 

Stiffness  and  limitation  of  movement  may  be  due  to  several  different 
causes;  and  the  type,  significance,  and  treatment  vary  accordingly. 

First  there  is  a  stiffness  or  limitation  of  movement  due  to  muscular 
resistance  which  is  associated  with  pain,  the  result  of  some  inflammatory 
or  traumatic  lesion.  Such  stiffness  is  a  natural  physiological  phenome- 
non; it  has  been  referred  to  already  in  the  discussion  on  the  meaning  of 
pain,  and  needs  no  further  mention  beyond  a  reminder  that  limitation  of 
every  movement  of  a  joint  is  an  indication  of  arthritis  or  of  a  serious 
injury  of  the  joint,  while  limitation  of  only  certain  movements  indicates 
only  a  local  lesion,  most  probably  outside  the  joint. 

Next  there  is  stiffness,  or  limitation  of  movement  which  we  may  call 
mechanical  in  origin,  due  to  fibrous  adhesions,  to  blocking  of  the  range 
of  movement  by  fragments  of  bone  or  deposits  of  callus,  and  in  the 
extreme  case  it  may  be  due  to  bony  ankylosis. 

I.  Fibrous  adhesions  about  a  joint  are  the  result  of  cicatrix  formation 
after  trauma  or  an  inflammatory  lesion.  Enough  has  already  been  said 
of  the  danger  of  increasing  the  amount  of  cicatricial  tissue  by  injudicious 
passive  movement  too  early  in  the  course  of  repair. 

On  the  other  hand,  too  prolonged  fixation  gives  the  newly  formed 
cicatrix  time  to  stiffen,  but  this  is  the  lesser  of  the  two  evils.  When  the 
local  effusion  and  tenderness  abate,  the  patient  may  be  allowed  to  com- 
mence gentle  active  movements.  He  is  not  likely  to  carry  these  out 
sufficiently  roughly  to  tear  or  damage  newly  formed  scar  tissue,  because 
pain  will  act  as  a  check. 

On  passive  movement,  a  joint  with  fibrous  adhesions  conveys  a  char- 
acteristic sensation  to  the  hands  of  the  surgeon,  which  differs  on  the  one 
hand  from  muscular  resistance  associated  with  pain,  and  the  abrupt 
blocking  of  movement  caused  by  a  bony  obstruction  on  the  other.  The 
cessation  of  movement  is  definite  and  unmistakable,  but  it  is  not  associated 
with  pain,  unless  the  surgeon  exerts  a  little  force  to  put  tension  on  the 
fibrous  band.  If  in  any  doubt  whether  there  is  disease  of  the  osseous 
elements  of  the  joint,  an  X-ray  photograph  should  be  taken,  when  the 
clear  structure  of  the  bone,  smooth  and  even  contours  of  the  joint  sur- 
faces, and  the  absence  of  blotched  or  cloudy  patches  in  and  about  the 
ends  of  the  bone,  will  definitely  exclude  active  disease. 
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ON  THE  BREAKING  DOWN  OF  ADHESIONS 

The  treatment  then  is  to  break  down  the  adhesions  under  full  anaes- 
thesia to  relax  all  muscular  resistance,  gas  is  not  sufficient.  It  is  no  use 
making  half-hearted  attempts;  these  only  give  rise  to  effusion  and  in- 
creased stiffness.  Every  resisting  band  must  be  stretched  or  ruptured  by 
steadily  continued  and  increasing  tension.  Sudden  jerking  movements 
must  be  avoided  because  (a)  they  are  inefficient,  (b)  they  cause  unneces- 
sary irritation  of  the  tissues  and  unnecessary  effusion,  (c)  they  may 
break  a  bone  instead  of  rupturing  the  fibrous  band. 

In  the  case  of  the  shoulder  the  arm  is  first  abducted,  care  being  taken 
not  to  strain  the  joint  by  over-abduction.  An  essential  rule,  especially 
in  old  people,  is  to  control  the  manipulation  by  a  comparison  with  the 
sound  arm,  as  considerable  variations  in  the  range  of  movements  are  to 
be  noted  in  different  individuals.  An  assistant  should  fix  the  scapula 
and,  with  his  fist  in  the  axilla,  put  pressure  upon  the  head  of  the  humerus 
to  prevent  dislocation.  First  with  the  arm  lying  at  the  side  of  the  chest, 
and  afterwards  in  the  position  of  abduction,  the  humerus  should  be 
rotated  inwards  and  outwards.  This  movement  should  be  performed 
very  slowly  and  yet  very  thoroughly.  It  is  the  movement  most  likely  to 
cause  fracture  near  the  joint.  The  last  and  most  frequently  neglected 
movement  is  that  of  forcing  the  elbow  back  while  the  arm  is  fully 
abducted.  During  all  these  movements,  the  scapula  is  fixed.  It  should 
now  be  released  and  allowed  to  participate  in  the  complete  elevation  and 
abduction  of  the  limb,  lest  it  should  have  formed  adhesions  separately 
from  those  about  the  joint. 

The  same  principles  apply  in  breaking  down  adhesions  of  other  joints. 
In  the  case  of  the  elbow,  if  the  adhesions  are  tough,  care  must  be  taken 
not  to  produce  a  fracture.  In  such  an  instance,  it  is  a  good  practice  to 
protect  the  humerus  and  bones  of  the  forearm  by  applying  splints  of  sheet 
metal  above  and  below  the  elbow.  It  will  then  be  practically  impossible 
to  produce  a  fracture  excepting  at  the  olecranon,  which  has  to  be  care- 
fully guarded. 

The  most  striking  results  are  often  brought  about  in  the  case  of  the 
knee,  if  we  remember  one  very  important  point,  and  that  is,  to  secure  the 
full  rotatory  range.  If  we  confine  ourselves  to  ordinary  flexion  and 
extension,  we  miss  those  cases  of  adhesions  which  follow  displacements 
of  the  semilunar  cartilage  and  injuries  to  the  internal  lateral  ligament. 
In  breaking  down  adhesions  in  the  knee  to  correct  the  stiffness  following 
fracture  of  the  lower  end  of  the  femur,  the  thigh  should  be  carefully 
splinted,  as  the  bone  may  easily  be  fractured  again  even  after  several 
months. 
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After  adhesions  have  been  broken  down,  the  treatment  should  con- 
sist of  massage  and  both  passive  and  active  movements.  The  passive 
movements  should  be  carefully  regulated,  the  active  should  be  unlimited. 
As  soon  as  the  patient  has  sufficiently  recovered  from  the  anaesthetic,  he 
should  be  put  through  all  his  movements.  He  will  then  be  convinced 
of  the  freedom  of  the  joint  and  this  will  prove  a  valuable  asset  towards 
recovery. 

Blocking  of  movement  by  bony  obstructions  may  be  due  to 

many  causes,  such  as' 

(a)  Myositis  ossificans  traumatica,  which  is  peculiarly  associated 
with  dislocations  of  the  elbow,  will  be  dealt  with  when  discussing  injuries 
of  the  elbow. 

(b)  Fragments  of  fractured  bone,  or  even  a  projecting  end  of  bone 
in  an  uncomplicated  fracture  about  a  joint. 

(c)  Excessive  formation  of  callus  near  a  joint. 

(d)  Unreduced  dislocations. 

The  occurrence  of  myositis  ossificans  can  neither  be  foreseen  nor 
prevented,  but  the  other  conditions  can  be  foreseen,  and  ought  to  be 
prevented;  though  in  septic  compound  wounds,  such  as  occur  in  the 
present  war,  failure  is  sometimes  inevitable.  It  is,  however,  all  the  more 
important  to  understand  the  difficulties  and  the  means  of  meeting  them, 
for  it  is  only  in  the  earlier  stages  of  treatment  that  the  obstruction  can 
be  dealt  with  easily. 

Obstruction  of  movement  of  a  joint  by  a  projecting  end  of  fractured 
bone  occurs  most  frequently  in  fractures  about  the  condyles  of  the 
humerus.  It  is  the  lower  end  of  the  upper  fragment  which  usually 
projects  forwards.  This  is  entirely  due  to  imperfect  reduction  of  the 
displaced  fragments.  It  should  be  prevented  by  proper  complete  reduc- 
tion in  the  first  instance.  If,  for  any  reason,  the  lower  fragment  slips 
back  during  treatment,  it  should  be  again  brought  forward  before  the 
callus  is  too  hard  to  be  forced. 

So  long  as  callus  is  tender  on  pressure  or  manipulation,  it  is  safe  to 
say  it  is  not  too  hard  to  be  twisted  or  forced  by  manipulation  so  as  to 
adjust  an  erroneous  or  imperfect  reduction. 

Passive  movement  is  undesirable  in  the  stage  of  repair  during  which 
the  seat  of  a  fracture  is  still  vascular  and  tender,  and  not  consolidated, 
and  therefore  permits  of  forcible  readjustment  of  the  position  of  the 
fragments  of  bone ;  this  corresponds  to  the  tender  vascular  stage  in  the 
cicatrization  of  soft  parts.  So,  just  as  tearing  the  soft  cicatrix  means 
more  effusion  and  excessive  cicatricial  tissue,  the  necessity  forcibly  to 
twist  or  readjust  callus  after  it  has  begun  to  form  carries  with  it  the 
penalty  that  the  increase  of  exudate  may  result  in  excessive  formation 
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of  bony  callus.  Small  displaced  fragments  should  not  be  left  where  they 
will  obstruct  the  movement  of  the  joint.  The  ideal  treatment  is  to  get 
them  back  into  their  place.  A  common  example  where  this  can  be  done 
is  found  in  the  fracture  of  the  anterior  edge  of  the  lower  articular  sur- 
face of  the  tibia,  which  often  occurs  in  association  with  Pott's  fracture 
of  the  fibula.  All  that  is  here  needed  is  to  dorsiflex  the  foot  when  setting 
the  fracture;  the  surgeon  then  pushes  the  wedge-shaped  piece  of  bone 
back  into  position,  where  it  is  held  by  keeping  the  foot  dorsiflexed. 

At  the  elbow  fragments  of  the  bone  blocking  full  flexion  will  usually 
be  pushed  aside  when  putting  the  joint  into  full  flexion.  If  the  frag- 
ment will  not  get  out  of  the  way,  there  should  be  no  hesitation  about 
readjusting  or  removing  it  by  operation. 

The  formation  of  excessive  callus,  i,e,  excessive  osseous  formation 
in  the  exudates  of  blood  and  lymph  about  the  seat  of  injury,  may  be 
determined  by  the  violence  of  the  original  injury,  which  of  course  is 
beyond  the  surgeon's  control,  but  is  often  due  to  unnecessary  irritation  of 
exudate  at  a  later  stage  by  imperfect  fixation,  by  allowing  injudicious 
movements,  or  by  unwise  attempts  at  passive  movement  before  the  callus 
is  firm  enough  to  withstand  them.  Everything  that  has  been  said  about 
the  dangers  of  too  early  or  too  rough  passive  movement  in  connexion 
with  fibrous  cicatrices  in  soft  parts  applies  much  more  strongly  where 
the  process  of  repair  includes  ossification,  for  fibrous  bands  can  generally 
be  stretched  or  ruptured  if  necessary,  but  osseous  formations  are  not  so 
easily  disposed  of  when  once  they  are  fully  formed. 

It  is  a  physical  law  that  matter  occupies  space ;  therefore,  if  no  space 
is  left  in  which  excessive  callus  may  form,  it  cannot  be  formed.  This 
method  of  meeting  the  difficulty  can  be  employed  at  the  elbow,  for  if  the 
joint  is  fully  flexed  during  treatment  of  a  smash  about  the  condyles,  no 
excess  of  callus  can  form  in  front  to  block  flexion;  behind,  the  broad 
tendon  of  the  triceps  serves  the  same  purpose.  The  only  exception  to 
this  rule  of  full  flexion  in  elbow  injuries  is  when  the  olecranon  is 
fractured. 

Ankylosis  may  be  fibrous  or  osseous,  and  is  a  serious  menace  to 
movement.  It  arises  when  the  cartilaginous  surfaces  of  the  joint  have 
been  injured,  leaving  raw  surfaces  between  which  repair  tissue  may  be 
formed. 

This  repair  tissue  may  only  go  the  length  of  fibrous  tissue;  by  judi- 
cious exercise  this  may  gradually  stretch  and  a  reasonably  useful  joint 
result.  Attempts  at  violent  stretching  or  rupture  of  the  fibrous  tissues 
connecting  the  joint  surfaces  are  generally  to  be  regarded  as  injudicious, 
because  they  excite  increased  exudate  which  forms  a  basis  for  more 
cicatricial  tissue,  and  also  because  violent  handling  may  excite  the  bone 
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cells  communicating  with  the  joint  through  the  injured  cartilage  to 
activity,  and  then  the  osteogenetic  cells  will  invade  the  area  of  exudate 
and  produce  osseous  repair. 

Hence,  in  a  case  of  fracture  into  a  joint,  or  of  a  bullet  having 
traversed  the  joint  and  ploughed  up  the  osseous  cartilages,  the  line  of 
treatment  must  be  directed  towards  obtaining  healing  of  the  breach  of 
surface  on  each  bone  separately,  and  allowing  the  union  from  one  to  the 
other  to  be  as  slight  as  possible.  When  sufficient  time  has  elapsed  for 
repair  to  have  commenced,  slight  movements  should  be  allowed.  These 
should  be  such  movements  as  would  tend  to  produce  non-union  in  the 
fracture  of  the  shaft  of  a  long  bone.  Part  of  the  treatment  of  ununited 
fracture  of  a  long  bone  is  to  manipulate  the  seat  of  fracture  roughly, 
so  as  to  produce  fresh  exudation  and  vascular  activity  and  to  excite 
osteogenetic  processes.  It  is  therefore  obvious  that  violent  movements 
of  a  joint,  instead  of  securing  non-union  between  opposing  surfaces, 
may  have  the  opposite  effect. 

When  bony  ankylosis  is  seen  to  be  inevitable,  or  is  seriously  to  be 
feared,  the  position  in  which  the  limb  is  placed  during  treatment  is  of 
great  importance.    The  guiding  factor  is  the  function  of  the  limb. 

In  the  upper  limb,  usefulness  of  the  hand  is  of  first  importance,  and 
treatment  is  planned  accordingly.  A  limb  with  an  ankylosed  joint  may 
still  be  very  useful. 

In  the  lower  limb,  weight-carrying  and  locomotion  demand  stability, 
and  this  must  guide  the  surgeon.  In  injuries  about  the  vertebrae,  the 
object  is  to  preserve  the  erect  attitude,  because  the  spine  must  carry  the 
weight  of  head  and  shoulders.  If  a  hunch  back  is  once  formed  by  yield- 
ing at  the  seat  of  injury,  the  weight  of  head  and  shoulders  will  tend  to 
increase  the  deformity. 

Neurotic  stiffness  of  joints.  It  frequently  happens  that  after 
some  injury  which  has  caused  a  considerable  amount  of  pain,  stiffness 
of  the  joint  persists  long  after  local  repair  is  complete,  without  any 
mechanical  cause  being  apparent. 

These  cases  are  among  the  so-called  cases  of  neurotic  or  hysterical 
joints.  They  really  depend  on  a  persistence  of  the  habit  of  keeping  the 
joint  still  which  was  acquired  during  the  stage  of  acute  painfulness. 
The  fault  is  often  in  the  patient,  sometimes  the  surgeon  must  share  the 
blame.  An  instance  of  the  latter  state  of  affairs  came  under  the  author's 
notice  about  two  years  ago.  A  boy  injured  his  knee:  the  doctor  very 
properly  fixed  it  on  a  straight  splint  till  all  pain  and  swelling  had  dis- 
appeared. He  so  strongly  impressed  on  the  mind  of  the  boy  and  his 
mother  that  he  must  not  move  the  knee  or  he  might  have  a  relapse,  that 
more  than  a  year  later  the  boy  appeared  in  hospital  suffering  from  a 
'stiff '  knee. 
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Practical  demonstration  that  the  knee  was  not  really  stiff  by  moving 
it  through  a  small  angle  greater  than  the  boy  had  accomplished  since 
his  accident,  and  insisting  that  he  should  himself  do  so  voluntarily, 
followed  by  drill  in  moving  the  joint,  effectively  obliterated  the  memory 
or  suggestion  or  hysteria  that  the  joint  could  not  be  moved.  These 
cases  are  just  as  likely  to  occur  among  the  young  and  athletic  as  among 
the  feeble  and  debilitated.  The  surgeon  should  never  forget  that  they 
may  occur,  and  should  be  particularly  careful  to  distinguish  them  from 
cases  of  malingering.  The  latter  is  a  conscious  effort  to  simulate  disease, 
and  is  usually  clumsy  and  easily  detected ;  but  a  neurotic  joint  is  accurate 
in  its  simulation,  because  it  depends  on  a  persistence  of  the  reflex  nerve- 
muscle  guard  of  an  injured  area  after  the  real  pathological  condition 
which  excited  the  reflex  has  ceased  to  exist.  There  always  has  been  a 
genuine  cause  for  these  cases ;  it  may  be  only  slight,  but  nevertheless  real. 
The  higher  conscious  nervous  system  has  failed  to  take  control  of  the 
situation;  the  case  is  one  for  education,  not  punishment. 


CHAPTER  V 

ON   CONTRACTION   OF   SCAR   TISSUE   AND   COMPOUND 

INJURIES  ABOUT  JOINTS 

The  behaviour  of  large  and  deep  scars  has  been  studied  mainly  in 
connexion  with  bruises  and  burns.  In  the  present  war  there  have  been 
a  large  number  of  extensive  wounds  from  shell  fire  and  compound 
wounds  of  bones  and  joints  with  large  exit  wounds.  Moreover,  there 
has  been  added  a  great  deal  of  phlegmonous  and  gangrenous  change  in 
the  tissues,  leading  to  considerable  loss  of  tissue.  There  has,  therefore, 
in  the  last  nine  months  been  ample  opportunity  of  applying  the  lessons 
learned  in  civil  practice  and  to  test  their  truth. 

It  is  necessary  to  take  a  brief  view  of  the  histological  changes  going 
on  at  the  site  of  the  wound,  and  to  see  how  they  are  to  be  controlled  in 
order  to  prevent  stiffness  of  joints  and  mechanical  disabilities  due  to  the 
contracting  scar. 

Roughly  one  may  divide  the  process  of  repair,  whether  in  epithelium, 
connective  tissues  generally,  or  bone  in  particular,  into  three  stages. 

First:  Early  repair  processes  include  the  removal  of  dead  tissues, 
sloughs,  and  necroses,  and  the  establishment  of  an  active  hyperaemia  with 
the  formation  of  new  loops  of  blood-vessels  permeating  the  mass  of 
blood-clot,  exudate,  and  damaged  tissues.  In  a  surface  wound  this 
includes  all  stages  up  to  the  establishment  of  granulation  tissue. 

Second:  The  second  stage  is  that  of  immaturely  formed  repair  ele- 
ments, especially  the  laying  down  of  fibrous  tissue  elements  and  bone 
elements  to  form  cicatrix  and  callus.  In  this  stage  the  seat  of  injury 
is  still  hyperaemic,  but  as  the  formed  elements  mature,  the  vascularity 
gradually  diminishes,  and  the  whole  seat  of  repair  passes  gradually  into 
the  third  stage. 

Third:  The  mature  scar  consists  of  fully  formed  fibrous  tissue  ele- 
ments and  hard  callus.  The  fibrous  tissue  has  become  white  owing  to  the 
disappearance  of  active  hyperaemia,  and  in  some  cases,  owing  to  contrac- 
tion of  fibrous  tissue,  repair  of  other  parts  of  the  wound  is  impeded  for 
want  of  blood. 

About  joints — say,  the  front  of  the  wrist,  the  back  of  the  knee,  the 
flexure  of  the  elbow — there  is  a  great  tendency  for  the  new  scar  to  go  on 
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contracting  till  the  limb  is  fixed  in  a  useless,  flexed  position.  Owing  to 
the  contraction  of  the  scar,  the  blood-vessels  cannot  expand  freely,  and 
the  whole  area  becomes  dense,  white,  and  anaemic. 

The  first  stage:  during  the  first  stage  the  region  of  the  wound  or 
injury  must  be  left  very  much  at  rest.  Fractures  should  be  put  up  in 
the  best  position,  torn  tissues  brought  together  as  far  as  possible,  and 
then  left  for  the  new  repair  blood-vessels  to  grow  between  fragments. 
These  grow  in  the  plastic  exudate;  therefore  any  rough  handling,  inju- 
dicious massage  or  movement,  will  only  tear  them. 

Free  exit  must  be  given  to  all  discharges  in  septic  cases,  that  the 
tissues  may  be  as  little  as  possible  sodden  in  poisonous  toxins  and  as 
much  as  possible  nourished  and  fortified  by  the  food  elements  and  anti- 
bodies in  the  blood  fluids. 

Therefore  the  surgeon  should  at  once  decide  in  what  position  the 
limb  is  to  be  treated,  and  endeavour  not  to  move  it  until  repair  is  well 
established. 

In  the  second  stage:  passive  movement  is  apt  to  tear  newly  formed 
tissues,  causing  bleeding  and  increased  organization  of  scar  tissue.  On 
the  other  hand,  it  is  possible  now  gently  and  gradually  to  change  the 
position  of  the  limb. 

It  is  during  the  end  of  this  stage,  when  the  immature  tissue  elements 
are  becoming  matured,  that  the  tendency  to  contract  takes  place;  there- 
fore if  the  limb  has  not  already  been  put  in  the  position  opposed  to  the 
deformity  which  is  feared,  it  should  be  done  now. 

For  example:  in  a  bullet- wound  through  the  condyles  of  the  humerus, 
with  extensive  loss  of  tissue  and  suppuration  in  front  of  the  elbow,  there 
will  be  a  large  scar  formation. 

First,  the  fracture  must  be  reduced,  the  arm  put  in  the  flexed  position, 
and  free  drainage  and  dressing  provided  for. 

Next,  as  soon  as  the  bone  becomes  fixed  the  elbow  should  be  placed 
at  a  less  acute  angle,  and  as  soon  as  possible  in  the  extension  splint 
shown  on  the  diagram  (Figs.  298  and  299).  All  this  stage  of  treatment 
should  be  completed  before  the  contraction  of  the  new  fibrous  tissue 
shows  itself. 

Next,  as  soon  as  the  union  of  the  bone  is  firm  enough  the  surgeon 
should  risk  straining  the  callus  a  little  by  getting  the  arm  out  to  full 
extension  and  allow  epitheliation  to  take  place  in  this  position. 

In  such  a  case  there  will  be  a  large  granulating  surface  with 
epithelium  growing  in  from  the  side.  The  granulations  in  the  centre 
are  apt  to  become  heaped  up  and  excessive;  this  should  be  prevented  by 
pruning  them  down  with  scissors  or  even  scraping  them  away  with  a 
sharp  spoon. 
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The  more  the  granulations,  the  bigger  the  mass  of  organized  fibrous 
tissue  formed,  and  the  more  trouble  from  contraction. 

Skin-grafting  is  not  to  be  relied  on  to  do  away  with  the  contractility 
of  the  underlying  scar  tissue.  Therefore  the  elbow  should  be  kept  fully 
extended  till  epitheliation  is  complete,  and  the  new  fibrous  tissue  has 


Fig.  289.     Shout  Hand  Splint. 

become  adapted  to  the  extended  position,  and  has  no  longer  a  vicious 
tendency  to  contract. 

Rules.  So  far  as  possible,  having  regard  to  fractures,  the  following 
rules  should  be  observed  : 

(a)  The  strong  muscles  in  the  axillary  fold  when  torn  by  shrapnel 
must  not  be  allowed  to  heal  with  a  short  stiff  scar.  Therefore  the  arm 
should  be  abducted. 

(ft)  Wounds  in  the  flexure  of  the  elbow  should  be  treated  with  the 
elbow  extended. 

(f )  Burns  and  septic  wounds  of  the  front  of  the  wrist  and  palm  of 
the  hands  and  fingers  must  be  treated  in  hyperextension.  The  splint 
shown  in  diagram  will  be  found  useful  (Figs.  289  and  290). 


Fic.  290.    Short  Hand  Splint.    Applied. 

(d)  For  wounds  in  the  flexure  of  the  hip,  the  thigh  should  be  in 
line  with  the  body  and  a  little  abducted. 

(c)  In  wounds  in  the  back  of  the  thigh  the  knee  should  be  kept 
straight. 

(/)  The  foot  must  in  any  case  be  kept  at  right  angles  to  the  leg. 

Third  stage:  when  wounds  have  already  reached  the  contracting  or 
fully  contracted  state  they  are  not  hopeless. 

Continuous  extension  on  a  splint  will  make  the  scar  tissue  yield: 
daily  passive  stretching  is  of  comparatively  little  value,  for  the  fibrous 
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tissue  is  only  irritated  and  contracts  all  the  more  in  the  intervals.  The 
extension,  therefore,  must  be  continuous.  As  the  moorings  of  the  scar 
become  stretched  the  thin  glazed  epithelium  over  it  shrinks,  and  the 
healthy  surrounding  skin  becomes  loose  and  stretches  towards  the  scar, 
and  so  in  time  with  continuous  stretching,  aided  by  massage,  many  of 
the  most  stubborn  contractions,  such  as  occur  after  deep  burns,  can  be 
overcome  and  made  supple. 

The  moral,  however,  is  that  although  it  may  take  a  little  longer  for 
the  wound  to  get  covered  with  epithelium,  it  saves  time  and  an  infinity 
of  trouble  to  put  the  limb  in  the  stretched  position  at  once  or  as  early 
in  the  second  stage  of  repair  as  possible. 

Further,  prevent  excessive  formation  of  fibrous  tissue  by  pruning 
down  excessive  granulations.  Granulations  consist  of  loops  of  new 
capillaries,  and  it  is  along  the  walls  of  these  that  the  fibroblasts  lay  down 
new  fibrous  tissue. 

Fully  matured  fibrous  tissue  has  no  more  tendency  to  contract  than 
any  other  tissue,  and  as  a  scar  takes  a  long  time  to  become  composed  of 
fully  mature  tissue,  extension  of  the  scar  must  be  prolonged. 

The  author  has  by  steady  stretching  alone  obtained  good  mobile  wrists 
and  hands  in  oases  which  had  been  crippled  by  contraction  after  burns 
for  several  years. 

ISCH-ffiMIC  PARALYSIS 

Ischaemic  paralysis  of  the  hand  is  a  condition  sometimes  associated 
with  fractures  of  the  upper  limb,  chiefly  about  the  elbow  and  upper 
forearm. 

It  is  often  associated  with  tight  bandaging,  but  the  paralysis  may 
also  be  due  to  pressure  from  within  the  arm.  The  pressure  of  the  broken 
ends  of  bone,  the  tearing  of  muscles  followed  by  the  formation  of 
fibrous  tissue,  extensive  haemorrhages,  may  each  give  rise  to  this  condi- 
tion, but  it  is  more  often  associated  with  clumsy  splints  and  over-zeal 
irt  an  effort  to  make  them  effective  by  tight  bandaging. 

It  is  marked  by  paralysis  and  contracture  of  the  muscles  of  the  fore- 
arm. It  usually  comes  on  suddenly,  and  the  contracture  is  part  ot  the 
initial  process,  and  is  due  to  partial  coagulation  of  the  proteids  of  the 
muscles,  caused  by  lack  of  oxygen  and  blood  supply.  It  is  therefore  a 
species  of  coagulation  necrosis  allied  to  rigor  mortis. 

Diagnosis.  The  position  of  the  hand  is  characteristic.  The 
metacarpo-phalangeal  joints  are  extended,  and  the  fingers  are  curled  up. 
If  the  wrist  is  passively  flexed,  the  tension  of  the  extensors  and  relaxa- 
tion of  the  flexors  cause  the  fingers  to  extend  without  any  voluntary 
effort  on  the  part  of  the  patient.    Microscopic  examination  of  the  muscles 
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shows  a  considerable  fibrosis — it  is  therefore  a  fibrous  myositis  with 
which  the  surgeon  has  to  deal. 

The  condition  is  easily  distinguishable  from  one  dependent  merely 
on  the  involvement  of  nerve.  It  does  not  confine  itself  to  any  particular 
nerve-track,  but  generally  affects  all  equally.  Sensation  is  rarely  lost 
and  muscles  supplied  by  the  same  nerve  may  vary  considerably  in  their 
involvement.  The  circulation  is  badly  affected,  and  the  nutrition  shows 
serious  damage.  The  finger-nails  become  black  and  the  fingers  mummify. 
The  paralysis  is  rarely  complete. 

Treatment.  The  author  has  long  since  discarded  operative  pro- 
cedures such  as  lengthening  of  tendons  or  shortening  of  bones,  as  he 
finds  that  a  properly  conducted  mechanical  campaign  is  far  more  effective, 
if  the  muscles  are  gradually  stretched,  joint  by  joint,  beginning  at  the 
fingers. 

First.  An  assistant  passively  flexes  the  wrist  to  allow  the  fingers  to 
extend,  and  each  finger  is  separately  strapped  to  a  little  gutter-shaped 
splint,  so  that  they  cannot  curl  up. 

Second.  A  day  or  two  later,  or  in  milder  cases  at  the  same  sitting,  the 
metacarpo-phalangeal  range  is  stretched  and  the  palm  and  splinted  fingers 
are  bandaged  to  a  flat  metal  splint.  The  whole  hand  and  fingers  are  now 
rigidly  fixed  with  the  wrist  flexed. 

Third.  The  wrist  is  now  from  day  to  day  extended  a  little  and  fixed. 
This  is  continued  until  the  wrist  is  hyperextended.  This  hyperextension 
of  wrist  and  fingers  is  maintained  for  some  time  in  obedience  to  the 
principles  laid  down  concerning  the  extension  of  scars,  massage  being 
systematically  practised. 

The  reader  will  note  that  by  this  simple  procedure  he  does  much 
more  than  any  operation  would  effect.  He  stretches  all  the  scar  tissues 
in  the  direct  order  of  their  tension:  those  most  contracted  are  attacked 
first.  The  muscles  most  infiltrated  with  fibrous. tissue  are  really  the  seat 
of  a  diffuse  scar,  and  the  effect  of  continuously  stretching  them  releases 
the  pressure  upon  the  vessels. 

As  a  result  the  circulation  of  the  fingers  is  rapidly  restored,  and  quite 
soon  fingers  which  were  originally  shrivelled  like  a  bird's  feet  fill  out  and 
develop  fatty  pulp,  the  scar  tissue  becomes  pliable  and,  where  the  destruc- 
tion of  muscle  has  not  been  too  extensive,  function  returns. 


CHAPTER  VI 
JOINTS  OF  UPPER  LIMB 

I.  Stemo-clavicular  joint:  Ligaments: — 

Above — Interclavicular  from  one  clavicle  to  the  other  and  attached 
to  the  top  of  the  sternum  between. 

Behind  and  in  front — comparatively  weak  sterno-clavicular  liga- 
ments. 

Below — The  strong  rhomboid  or  costo-clavicular  ligament  attaching 
the  clavicle  to  the  sternal  end  of  the  first  rib. 

There  is  a  complete  meniscus  dividing  the  joint  into  two  synovial 
cavities. 

The  security  of  the  joint  depends  mainly  on  the  ligaments,  the  shape 
of  the  joint  surfaces  not  contributing  much. 

Movement  of  the  joint  occurs  only  in  association  with  movements 
of  the  shoulder  and  arm. 

Rest  of  the  joint.  In  cases  of  synovitis  or  other  conditions  demand- 
ing it,  rest  can  therefore  only  be  obtained  by  controlling  the  arm,  by 
bandaging  it  to  the  trunk  and  supporting  the  elbow  by  a  sling  so  that 
the  weight  of  the  arm  hanging  on  the  outer  end  of  the  clavicle  shall  not 
drag  on  to  the  joint. 

Dislocations  of  the  sterno-clavicular  joint: 

1.  Dislocation  of  clavicle  upwards. 

2.  Dislocation  of  clavicle  forwards. 

3.  Dislocation  backwards. 

As  the  rhomboid  ligament  is  very  strong,  total  dislocation  which 
requires  total  rupture  of  this  ligament  is  rare,  and  most  displacements  of 
the  sterno-clavicular  joint  are  therefore  only  partial  subluxations,  and 
not  complete  luxations. 

Diagnosis.  Complete  dislocations  are  unmistakable,  and  when 
recent  are  easily  reduced  by  ordering  the  patient  to  take  a  deep  breath 
and  manipulating  the  arm  over  a  pad  or  the  surgeon's  arm  in  the  axilla, 
so  as  to  lever  the  clavicle  out  and  replace  the  inner  end  in  the  notch  in 
the  sternum,  the  difficulty  then  being  to  keep  it  in  position.  In  pos- 
terior dislocation  the  end  of  the  clavicle  is  said  to  cause  trouble  some- 
times by  pressure  on  the  trachea  or  the  great  vessels,  especially  the 
innominate  artery  when  it  has  a  '  high  bifurcation  '.  This  complication 
is  extremely  rare. 
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Exact  diagnoses  of  the  subluxations  are  not  quite  so  easy,  for  they 
may  be  confused  with  fractures  of  the  inner  end  of  the  clavicle  near  the 
joint  when  contours  are  obscured  by  swelling:  pain  and  tenderness  in  the 
situation  of  the  joint  are  essentially  a  feature.  In  the  case  of  fracture, 
there  may  be  upward  tilting  of  the  inner  fragment,  but  owing  to  the 
wide  and  strong  attachment  of  the  rhomboid  ligament  there  may  be  a 
fracture  without  much  displacement.  The  diagnosis  can  usually  be  made 
by  manipulation :  in  the  case  of  fracture  the  break  may  be  felt,  or  it  may 
be  localized  by  finding  the  point  of  maximum  tenderness  to  be  over  the 
bone,  not  over  the  joint.  Measurements  are  of  little  value  in  comparing 
the  two  sides  owing  to  the  difficulty  of  getting  clearly  defined  points 
from  which  to  measure. 

Treatment.    Reduce  by  manipulating  the  shoulder. 

Fixation  consists  in  a  local  retention  by  paid  and  strapping. 

The  pad  is  made  of  strapping  folded  six  or  eight  times,  sticky  side 
out,  big  enough  to  make  a  flat  pad  covering  the  inner  end  of  the  clavicle 
and  top  of  the  sternum.  By  being  moulded  to  the  shape  of  the  under- 
lying structures,  and  by  sticking  to  the  skin,  a  pad  of  this  sort  gives  a 
considerable  amount  of  local  control.  The  pad  is  fixed  down  by  a  broad 
strip  of  adhesive  plaster  arranged  in  bandolier  fashion  over  the  shoulder. 

The  arm  and  shoulder  should  be  fixed  very  much  as  for  a  fractured 
clavicle.  Strips  of  plaster  can  be  arranged  round  the  shoulder  so  as  to 
draw  it  backwards  or  forwards  as  may  be  required  in  the  individual  case. 
The  sling  supporting  the  elbow  can  be  shortened  when  it  is  found  that 
by  raising  the  shoulder  the  inner  end  of  the  clavicle  is  kept  in  position 
better. 

The  surgeon  should  not  allow  himself  to  be  tied  down  to  one  routine 
method  of  adjusting  the  strapping  and  bandages,  but  be  prepared  to 
modify  these  to  meet  the  peculiarities  of  each  case.  Unless  from  local 
pressure  no  serious  symptoms  accompany  this  lesion.  The  movements 
of  the  scapula  are  hardly  ever  affected  and  I  have  never  had  occasion  to 
arthrodese  or  wire  the  bone.  A  temporary  metallic  fixation  might  be 
needed  in  recurrent  displacement  in  the  case  of  a  young  woman. 

2.  Acromio-clavicular  joint.    Ligaments: — 

1.  Superior,  fairly  strong. 

2.  Inferior,  strong. 

3.  Coraco-clavicular. 

The  front  and  back  of  the  joint  are  covered  by  the  attachments  of 
the  deltoid  and  trapezius  muscles  respectively. 

The  only  common  injury  is  dislocation  of  the  outer  end  of  the  clavicle 
upwards.  As  the  joint  surfaces  are  practically  flat  there  is  nothing  to 
retain  the  bone  in  position  except  the  ligaments.    It  is  essential,  therefore. 
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that  after  rupture  these  should  unite  well  and  be  short  and  strong.  If 
they  do  not  the  patient  is  left  with  a  shoulder  in  which  the  recurrent  slip 
of  the  joint  may  give  annoyance,  perhaps  in  the  middle  of  some  important 
movement  in  connexion  with  his  work. 

Treatment  is  very  simple,  replacement  is  easy.     Retention  of  the 
bones  in  position  long  enough  to  ensure  strong  repair  is  almost  entirely 


Fig.  291.    Putting  op  Acbomio-claviculah  Dislocation. 

neglected  by  the  majority  of  the  profession.  Place  a  firm  pad  about  two 
and  a  half  inches  long  by  one  and  a  half  inches  broad  over  the  outer  flat 
part  of  the  clavicle.  Put  a  clove  hitch  round  the  wrist  and  sling  the  wrist 
from  the  neck  with  the  elbow  at  a  right  angle.  Place  a  second  pad  with 
a  hole  in  the  centre  of  it  to  lodge  the  olecranon  so  as  to  avoid  a  pressure 
sore.  Pass  a  long  scarf  or  a  broad  bandage  under  the  elbow  and  knot  it 
over  the  pad  on  the  shoulder.  As  the  knot  is  drawn  tight,  the  whole  arm, 
humerus,  and  scapula,  and  therefore  the  acromion  process,  are  drawn 
up  and  the  clavicle  is  drawn  down  (Fig.  291). 
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The  writer  very  often  makes  pads  used  in  this  way  of  many  folds  of 
sticking-plaster,  sticky  side  out,  as  these  adhere  to  the  skin  and  do  not 
shift.    Such  a  pad  is  stiff  enough  to  act  as  a  local  splint. 

The  result  of  this  simple  procedure  is  highly  satisfactory. 

3.    Shoulder-joint.    Ligaments : — 

1.  Capsular  with  the  so-called  gleno-humeral  thickenings  in  it, 

2.  Glenoid  ligament  which  slightly  deepens  the  glenoid  cavity. 

3.  Coraco-humeral. 

The  ligaments  are  not  of  much  clinical  importance,  as  they  are  really 
not  of  much  effect  in  securing  the  bones  in  position.  The  structures 
which  really  secure  the  joint  are  the  muscles  attached  round  the  head  of 
the  humerus,  whose  tendons  near  their  insertion  blend  with  the  capsule. 
The  most  important  are : 

1.  The  subscapularis,  which  covers  the  front  of  the  joint  and  is 
inserted  into  the  lesser  tuberosity  and  the  bone  below  for  half  an 
inch. 

2.  Supraspinatus,  above. 

3.  Infraspinatus,  above  and  behind.  ". 

4.  Teres  minor,  behind.  •   ' 

The  last  three  are  inserted  in  order  on  to  the  three  facets  of  the  great 
tuberosity.  -    [.' 

Below,  the  joint  is  not  supported  by  muscle  and  the  capsule  is  very 
lax  to  permit  of  free  elevation  of  the  arm,  and  it  is  through  this  weak 
portion  of  the  covering  of  the  joint  that  the  head  of  the  humerus  escapes 
in  cases  of  dislocation. 

Good  X-ray  photographs  of  every  injured  shoulder- joint  should  be 
obtained  without  delay,  for  there  is  no  joint  so  likely  to  provide  traps 
for  the  unwary  surgeon,  and  a  patient  who  cannot  raise  his  arm  high 
enough  to  let  him  fasten  his  collar  or  brush  his  hair  remembers  his 
surgeon  daily,  but  not  with  thankfulness. 

Text-books  do  not  as  a  rule  pay  sufficient  regard  to  the  anatomical 
position  of  muscles  in  relation  to  their  mechanical  effect  when  a  joint  is 
put  out  of  gear  by  some  lesion  in  its  immediate  neighbourhood. 

Now  at  the  shoulder  the  muscles  round  the  scapula,  supraspinatus. 
infraspinatus,  teres  minor,  and  subscapularis  converge  on  the  head  of  the 
humerus;  the  latissimus  dorsi,  teres  major,  and  pectoralis  major  con- 
verge on  the  region  of  the  bicipital  groove  and  ridges. 

If  there  is  a  fracture  about  the  upper  part  of  the  shaft  of  the  humerus 
the  tendency  of  all  these  muscles  will  be  to  pull  the  humerus  towards  the 
trunk,  and  if  the  humerus  is  left  hanging  beside  the  body  the  lower 
fragment  will  be  displaced  inwards  roughly  at  right  angles  to  the  axis 
of  the  humerus,  and  the  resulting  distortion  in  the  neighbourhood  of  the 
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joints  cannot  but  interfere  seriously  with  the  mobility  and  function  of 
the  joint. 

Turning  again  to  the  muscles,  we  find  that  they  have  a  wide  fan- 
shaped  distribution  over  the  back  and  front  of  the  chest,  but  all  converge 
in  a  conical  fashion  towards  the  shoulder.  The  axis  of  this  cone  runs 
outwards  and  slightly  upwards. 

In  order  to  neutralize  the  distorting  cross  tension  of  the  muscles, 
the  humerus  should  be  pulled  out  in  the  line  of  the  axis  of  this  cone; 
the  general  pull  of  the  muscles  will  then  be  along  the  axis  of  the  humerus 
straight  on  to  its  articulation  with  the  scapula. 

This  is  not  explained  in  text-books  of  surgery,  and  is  a  departure  from 
the  traditions  which  have  descended  to  us  from  our  forefathers. 

In  every  case  of  doubt,  or  where  there  is  a  complicated  smash  about 
the  shoulder,  the  surgeon  knows  that  if  he  can  get  the  arm  well  extended 
in  abduction  at  rather  more  than  a  right  angle  from  the  side  he  has  at 
least  got  the  muscular  resistance  pretty  nearly  in  line  with  the  axis  of 
the  limb,  and  has  disarmed  the  muscles  of  their  most  vicious  distorting 
tendencies.  This  position  and  its  applications  will  be  referred  to  in 
connexion  with  fractures  and  fracture  dislocations. 

The  rule  can,  however,  be  made:  if  in  difficulty,  play  for  safety  by 
efficient  extension  in  a  fully  abducted  position. 

Dislocations  of  the  shoulder.  Practically  every  uncomplicated 
dislocation  of  the  shoulder  occurs  by  rupture  of  the  inferior  part  of  the 
capsule.  The  head  of  the  humerus  escapes  through  the  rent,  the  lower 
fibres  of  the  subscapularis  muscle  in  front  of  the  joint  are  often  injured 
at  the  same  time.  Dislocation  therefore  occurs  most  frequently  with  the 
arm  abducted  when  a  twist  with  the  muscles  attached  about  the  bicipital 
groove  giving  a  fulcrum,  or  a  blow  on  the  upper  end  of  the  humerus, 
forces  the  head  out  below  the  glenoid.  This  infraglenoid  dislocation  is 
rarely  seen  by  the  surgeon,  because  muscular  action  or  the  direction  of 
the  violence  causes  the  head  of  the  humerus  to  slip  up  either  forwards 
under  the  coracoid  process,  or  backwards  under  the  spine  of  the  scapula. 

Of  simple  dislocations  there  are  therefore  usually  two  types,  the 
anterior *or  subcoracoid,  and  the  posterior  or  subspinous. 

Some  have  been  at  unnecessary  pains  to  subdivide  these  still  further, 
according  to  the  amount  of  tearing  of  soft  parts  and  the  greater  or  less 
distance  that  the  head  of  the  humerus  has  been  free  to  travel. 

For  our  present  purpose  such  subdivisions  serve  no  useful  purpose. 

Diagnosis.  Diagnosis  of  dislocation  of  the  humerus  depends  on 
recognition  of  the  fact  that  the  head  of  the  humerus  is  not  in  its  normal 
position  in  the  glenoid  cavity  under  the  acromion  process  of  the  scapula, 
and  by  its  discovery  in  some  other  situation.     Normally  the  rounded 
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contour  of  the  shoulder  is  produced  by  the  deltoid  muscle  lying  over  the 
head  of  the  humerus.  If  the  head  is  not  in  the  glenoid  cavity,  the  con- 
tour is  flattened  immediately  below  the  acromion  process,  and  a  finger 
pressed  in  under  the  acromion  process  fails  to  meet  the  immediate 
resistance  of  the  rounded  head  of  the  humerus.  In  fracture  of  the  neck 
of  the  humerus  without  dislocation  the  flattening  of  the  contour  is  a  little 
lower  down,  but  the  head  is  felt  in  situ  immediately  belcnv  the  acromion. 
The  only  exception  is  fracture  of  the  neck  of  the  scapula,  when  the  head 
and  glenoid  cavity  may  go  adrift  together.  The  second  point  which 
completes  the  diagnosis  is  that  the  rounded  mass  of  the  head  is  felt  in 
some  other  situation. 

In  simple  anterior  dislocation  without  fracture  of  the  neck  the 
position  of  the  arm  is  characteristic.  The  head  lies  in  front  of  the  neck 
of  the  scapula.  The  elbow  is  abducted  and  cannot  be  brought  to  the  side, 
and  the  mobility  of  the  joint  is  reduced  almost  to  zero,  thereby  dis- 
tinguishing the  condition  from  fracture  of  the  humerus,  in  which  there 
will  be  abnormal  mobility  at  the  site  of  fracture,  whether  the  head  be 
dislocated  or  not. 

On  examination  all  movements  of  the  arm  are  restricted,  and  in 
particular  the  elbow  cannot  be  brought  to  the  side,  nor  can  the  hand  be 
put  on  the  other  shoulder. 

Reduction  of  anterior  dislocation  of  the  shoulder.     It  was  Kocher 

of  Berne  who  first  pointed  out  that  in  ordinary  dislocations  of  the 
shoulder  the  coraco-humeral  ligament  is  rarely  torn  and  that  the  spas- 
modically contracted  subscapularis  muscle  binds  the  head  of  the  bone 
down  to  the  ventral  aspect  of  the  scapula. 

The  head  is  usually  lodged  near  to  or  actually  on  the  edge  of  the 
glenoid. 

The  method  of  reduction  known  by  Kocher 's  name  is  generally 
accepted  as  the  best  and  simplest  method  of  reducing  anterior  disloca- 
tions. It  depends  on  tiring  out  the  subscapularis  muscle  until  it  relaxes; 
when  this  happens  the  dislocation  in  many  cases  is  reduced  without  any 
effort. 

The  method  of  tiring  out  the  subscapularis  muscle  is  by  rotating  the 
arm  outwards  with  the  elbow  bent  till  the  resistance  of  the  muscle  is 
overcome. 

There  is  no  force  or  violence  required ;  the  procedure  is  not  painful 
and  can  be  carried  out  without  an  anaesthetic.  Therefore  the  patient 
may  sit  up  in  a  chair ;  the  surgeon  places  one  hand  on  the  flexure  of  the 
patient's  elbow,  and  leans  on  this  to  produce  slight  extension ;  with  the 
other  hand  he  grasps  the  patient's  forearm  near  the  wrist,  and  slowly 
but  firmly  rotates  the  arm  outwards.    There  should  be  no  hurry  and  no 


JOINTS  OF  UPPER  LIMB  759 

attempt  to  twist  the  head  suddenly  into  the  joint.  If  dealing  with  a 
powerful  man  it  may  be  several  minutes  before  the  muscle  ceases  to  resist. 
While  the  arm  is  being  rotated  outwards  the  head  of  the  humerus,  if  not 
already  resting  on  the  edge  of  the  glenoid  cavity,  travels  visibly  outwards 
till  it  impinges  on  it.  The  relaxation  of  the  muscle  is  usually  sudden, 
and  if  the  surgeon  is  keeping  a  firm  downward  traction  on  the  limb  he 
feels  the  head  slip  downwards  a  little  towards  the  lower  part  of  the 
glenoid;  at  the  same  time  the  head  of  the  humerus  rolls  over  the  edge 
of  the  glenoid,  and  into  its  proper  place.  Simultaneously  with  the  relaxa- 
tion of  the  muscle,  the  resistance  to  adduction  disappears,  and  the  elbow 
can  be  brought  in  towards  the  front  of  the  chest;  the  arm  may  then  be 
rotated  inwards,  when  the  hand  will  without  difficulty  be  placed  on  the 
patient's  opposite  shoulder. 

Students  and  others  may  sometimes  be  seen  to  rotate  the  arm  out 
and  then  suddenly  attempt  to  adduct  the  elbow  and  rotate  the  arm 
inwards,  apparently  with  the  idea  that  by  so  doing  the  head  of  the 
humerus  will  be  twisted  into  place,  and  very  often  they  fail,  because 
they  are  working  on  a  mistaken  idea. 

The  head  rolls  outwards  over  the  edge  of  the  glenoid ;  by  keeping  up 
a  downward  traction — a  part  of  the  manoeuvre  omitted  by  some 
surgeons — the  head  is  drawn  down  nearer  the  point  at  which  it  rolled 
out.  In  the  majority  of  instances  the  head  will  roll  into  place  so  sud- 
denly that  the  reduction  is  effected  before  the  surgeon  has  time  to  adduct 
the  limb  and  rotate  inwards. 

When,  however,  the  head  is  poised  on  the  brink  of  the  glenoid  cavity, 
a  little  gentle  pressure  of  the  elbow  towards  the  front  of  the  chest  will 
upset  it  over  the  edge.  If  reduction  is  not  effected  gently,  force  will 
certainly  fail;  therefore  it  is  bad  practice  to  lose  patience  and  resort 
to  force. 

Under  an  anaesthetic,  with  the  muscles  fully  relaxed,  a  very  small 
rotary  movement  will  often  effect  reduction. 

A  large  proportion  of  cases  of  death  under  anaesthesia  have  occurred 
when  the  anaesthetic  was  administered  for  the  reduction  of  a  dislocated 
shoulder.  If  an  anaesthetic  is  to  be  administered  the  patient  must  be 
properly  prepared  for  it. 

The  old  method  of  reduction  with  the  heel  in  the  axilla  is  practically 
obsolete  in  its  original  form,  which  was  that  the  surgeon  placed  his  foot 
(with  the  boot  off)  in  the  axilla  and  exerted  traction  on  the  arm  first 
outwards  and  then  downwards,  using  his  foot  as  a  fulcrum  over  which 
he  levered  the  head  outwards.  The  method,  though  effective,  involves 
too  much  risk  of  bruising  nerves  and  vessels  in  the  axilla.  It  is  to  be 
avoided. 
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Traction  first  outwards  in  an  alxlucted  position,  then  more  and  more 
upward  till  the  arm  is  being  pulled  straight  upward,  is  a  manceuvre  which 
is  sometimes  indicated,  and  is  quite  sound  practice. 

In  certain  cases  Kocher's  method  may  fail  the  surgeon,  and  in  such 
instances  steady  traction  of  the  arm  in  the  abducted  position,  accom- 
panied by  a  side-to-side  swing,  will  prove  effective.  The  surgeon  places 
the  patient's  axilla  over  his  flexed  thigh  while  one  assistant  putis  the 
arm  and  another  fixes  the  scapula     Gentle  traction  completes  the  opera- 
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tion.  With  appropriate  machinery,  old  dislocations  of  many  weeks' 
standing  can  be  reduced  on  this  principle  (Fig.  292), 

For  the  very  rare  variety  of  shoulder  dislocation  known  as  luxatio 
erecta,  traction  upwards  is  the  direct  method  of  reduction,  because  in 
this  variety  the  arm  is  pointing  straight  up  above  the  head  and  fixed  in 
this  po.sition  by  the  muscles,  while  the  head  is  below  the  glenoid. 

Backward  dislocation  of  the  shoulder  is  comparatively  rare  as  the 
result  of  accident.  The  head  escapes  through  the  lower  and  posterior 
part  of  the  capsule,  sometimes  tearing  the  lowest  fibres  of  the  teres  minor; 
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the  head  then  lodges  somewhere  under  the  acromion  process  or  spine  of 
the  scapula,  lying  in  the  infraspinous  fossa. 

Diagnosis.  The  head  is  not  in  the  glenoid  fossa,  but  can  be  seen 
and  felt  on  the  dorsum  of  the  scapula.  The  arm  is  usually  directed 
forward  and  rotated  inward  with  more  or  less  adduction,  unless  the 
head  is  displaced  far  towards  the  middle  line  of  the  body  under  the  spine 
of  the  scapula,  when  there  may  be  some  abduction. 

Motion  is  very  definitely  limited. 

Reduction  is  effected  by  traction  in  the  line  of  the  arm  with  gentle 
rotatory  movements,  adduction  to  clear  the  head  from  the  posterior 
margin  of  the  glenoid,  and  gradual  raising  of  the  arm  so  as  to  turn  the 
head  down  to  the  lower  part  of  the  glenoid  margin  and  allow  it  to 
return  by  the  way  it  left. 

AFTER-TREATMENT 

L  Bandage  the  arm  to  the  side  for  two  or  three  days  to  keep  the 
parts  at  rest,  till  blood-clot  and  effusion  are  absorbed  and  repair  com- 
mences. 

2.  Next  carry  the  arm  in  a  sling,  but  do  not  allow  the  patient  to 
abduct  the  arm,  although  small  voluntary  movements  are  permitted. 

3.  Allow  gradual  increase  of  movements  and  practise  rotations  for 
about  three  weeks. 

4.  Finally  secure  full  abduction  by  passive  movements  and  exercise. 

The  risk  of  causing  a  recurrence  by  early  abduction  makes  it  neces- 
sary to  run  the  risk  of  a  few  adhesions,  which  may  have  to  be  stretched 
as  recovery  takes  place. 

COMPLICATIONS 

Fracture  of  the  glenoid.  In  forward  dislocations  the  capsule  is 
not  always  torn;  the  margin  of  the  glenoid  may  give  way,  either  by 
separation  of  part  of  the  glenoid  ligament  and  some  stripping  of  perios- 
teum, or  by  fracture  of  the  bone  at  the  anterior  edge  of  the  glenoid 
cavity. 

Reduction  presents  no  difficulties,  but  the  head  slips  forward  again 
very  easily.  It  is  therefore  necessary  to  keep  the  head  of  the  humerus 
well  back  by  supporting  the  elbow  well  across  the  front  of  the  chest  and 
strapping  the  upper  part  of  the  humerus  back  as  in  the  well-known 
Sayer's  method  of  fixing  a  fracture  of  the  clavicle. 

Fixation  must  in  this  case  be  maintained  longer  than  in  a  simple 
dislocation. 

Diagnosis  is  made  by  crepitus  on  manipulation,  by  the  ease  with 
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which  the  head  slips  forward  again  after  reduction,  and  if  doubt  exists 
reduction  should  be  confirmed  by  the  X-ray  photograph. 

Fracture  of  the  greater  tuberosity  may  occur  in  conjunction 
with  a  dislocation  or  as  a  distinct  injury  without  dislocation.  It  seems 
to  be  produced  by  avulsion  of  a  wedge-shaped  piece  of  bone  by  the 
muscles;  when  there  is  no  dislocation  the  fragment  of  bone  is  drawn 
slightly  upwards  and  backwards  by  the  action  of  the  muscles  attached 
to  it  (supra-  and  infraspinatus  and  teres  minor). 

The  fragment  cannot  be  brought  down  to  the  humerus,  so  the  humerus 
must  be  brought  up  to  the  fragment  by  abducting  the  arm  from  the  side, 
rotating  it  outwards  and  bending  the  elbow  till  the  hand  rests  on  the 
back  of  the  neck. 

The  arm  is  easily  fixed  in  this  position  by  putting  a  clove  hitch  round 
the  wrist  and  passing  the  bandage  behind  the  head  under  the  opposite 
axilla,  and  by  a  firm  spica  bandage  over  the  injured  shoulder.  If  the 
patient  is  very  restless,  fix  the  limb  in  this  position  with  a  spica  bandage 
of  plaster  of  Paris  including  the  chest  and  arm. 

If  the  arm  is  not  fixed  in  this  position,  the  fragment  and  the  callus 
formed  round  it  will  block  abduction  by  impinging  on  the  acromion 
process,  and  the  patient  will  not  be  able  to  reach  his  back  collar-stud,  or, 
if  a  woman,  her  hairpins. 

The  preservation  of  the  ability  to  do  common  daily  actions,  however 
trivial,  is  much  more  important  to  the  patient  than  the  ability  to  perform 
some  unusual  movement  which  is  hardly  ever  required.  If  the  position 
of  the  fragment  is  unsatisfactory,  a  screw  will  fix  it,  but  the  operation 
will  be  rarely  needed. 

Dislocation  with  fracture  of  the  greater  tuberosity  is  a  much  more 
difficult  problem.  First,  because  the  fragment  of  bone  attached  to  the 
external  rotator  muscles  lies  under  the  acromion  process  and  may  get 
into  the  way  of  the  head  when  reduction  is  attempted.  Reduction  should 
be  performed  under  an  anaesthetic: 

1.  If  after  reduction  it  be  possible  to  retain  the  arm  in  an  abducted 
and  externally  rotated  position  without  reproducing  the  dislocation,  this 
is  the  position  which  will  secure  the  best  functional  result. 

2.  If  the  arm  must  be  treated  first  by  the  side  in  order  to  let  repair 
of  the  capsule  take  place  (i.e.  if  the  dislocation  is  allowed  to  take  prece- 
dence of  the  fracture),  then  it  is  desirable  to  abduct  the  arm  fully  before 
the  newly  formed  callus  is  hard.  In  this  way  the  lump  of  bone  and  new 
callus  forming  on  the  outer  side  of  the  upper  end  of  the  humerus  is 
pushed  against  the  acromion,  and  can  be  to  some  extent  pushed  out  of 
the  way,  clearing  a  free  path  for  fuller  abduction  than  would  otherwise 
occur. 
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This  involves  risk  of  reproducing  the  dislocation,  and  must  therefore 
be  done  with  caution. 

3.  The  question  of  operation  to  screw  the  fragment  down  into  posi- 
tion may  be  considered. 

The  technical  difficulties  in  the  way  of  performing  such  an  operation, 
so  effectively  that  the  result  will  be  distinctly  better  than  that  obtained 
by  non-operative  means,  are  considerable. 

Because : 

1.  The  fragment  of  bone  is  often  small. 

2.  It  is  tucked  away  under  the  acromion  by  the  retraction  of  the 
muscles  inserted  into  it  and  cannot  be  easily  pulled  down  into  position. 

3.  The  screws  fixing  it  must  be  put  into  cancellous  bone,  which  does 
not  hold  very  well  in  any  case,  and  gives  very  little  security  when  there 
is  muscular  tension. 

Fracture  of  the  neck  of  the  scapula.  Fracture  of  the  neck  of 
the  scapula  may  at  first  sight  be  mistaken  for  a  dislocation,  because  the 
head  of  the  humerus  and  glenoid  drop  together,  leaving  a  vacant  space 
under  the  acromion.  On  examination,  however,  the  arm  is  not  fixed  in 
an  awkward  position  as  is  usual  in  ordinary  dislocations,  but  is  fairly 
movable.  The  elbow  can  be  brought  to  the  side  and  the  whole  arm  lifted 
into  position.  Sometimes  the  irregularity  at  the  seat  of  fracture  can 
be  felt  from  the  axilla.    An  X-ray  photograph  is  essential. 

Treatment  is  obviously  to  lift  the  arm  with  the  attached  glenoid 
into  position  and  keep  it  there  by  binding  the  elbow  up  to  the  shoulder 
exactly  as  for  acromio-clavicular  dislocation  (Fig.  291). 

Absorbent  wool  is  placed  in  the  axilla  between  the  arm  and  the  body 
to  prevent  soreness  of  the  skin,  and  the  whole  arm  is  then  bandaged  to 
the  body  to  keep  it  at  rest. 

Dislocation  of  the  shoulder  associated  with  fracture  of  the  neck  of 
the  humerus  will  be  discussed  below  in  the  section  on  *  Fractures  of  the 
neck  of  the  humerus '. 

Fractures  of  the  neck  of  the  humerus: 

It  is  customary  to  divide  fractures  of  the  neck  of  the  humerus  into : 
r.  Separation  of  the  epiphysis  in  children. 

2.  Fracture  of  the  anatomical  neck  in  old  people. 

3.  Fracture  of  the  surgical  neck. 

It  will  be  of  advantage  briefly  to  consider  our  experience  of  the  after- 
progress  of  these  cases  before  discussing  methods  of  treatment.  The 
result  of  long  experience  is  that  the  functional  result  is  surprisingly  good 
even  in  cases  which  one  may  say  have  had  no  scientific  surgical  treat- 
ment in  the  first  instance.  Of  cases  which  may  fairly  be  put  in  this 
class  the  author  may  claim  to  have  had  a  large  experience  amongst 


764  INJURIES  OF  JOINTS 

sailors  alone,  without  mentioning  cases  which  have  had  treatment  on 
various  lines  ashore. 

In  any  case  several  weeks  after  injury  the  only  thing  to  be  done  is 
to  break  down  adhesions  and  start  active  and  passive  movements  to 
increase  the  range  of  movement  of  the  arm.  Ultimately,  very  good 
movement  is  usually  obtained,  the  patient  being  able  to  put  his  hand  to 
the  back  of  his  neck.  On  examining  this  range  of  movement  more 
critically  it  is  found  that  a  great  deal  of  it  is  movement  of  the  scapula, 
while  true  movement  at  the  shoulder-joint  itself  is  somewhat  limited. 

When  these  results  are  compared  with  those  obtained  after  excision 
of  the  head  of  the  humerus  for  disease  or  ankylosis  after  septic  arthritis, 
one  is  forced  to  admit  that  there  is  not  much  to  choose  between 
them. 

The  conclusion  is  that  if  practically  untreated  cases  do  so  well,  it 
ought  to  be  possible  by  carefully  directed  manipulation  to  get  such  good 
functional  results  that  operation  should  only  be  resorted  to  in  very 
exceptional  cases,  when  there  is  some  clear  indication  that  there  is  a 
difficulty  to  be  encountered  which  operation  alone  will  surmount.  Such 
cases  are  so  rare  that  out  of  many  hundreds  of  instances  of  this  fracture 
which  have  passed  through  the  author's  hands  he  has  only  performed  an 
open  operation  in  four  instances,  and  two  of  these  were  for  the  relief 
of  intra-axillary  pressure. 

1.  Separation  of  the  epiphysis  in  children  can  be  reduced  by  trac- 
tion and  manipulation  described  below;  once  the  ends  are  brought  in 
apposition  there  is  little  tendency  to  recurrence  of  displacement,  and 
simple  fixation  to  the  side  with  a  moderate  wool  pad  in  the  axilla  com- 
pletes the  treatment. 

2.  Fracture  of  the  anatomical  neck,  the  so-called  '  intra-capsular 
fracture '  of  a  former  generation,  occurs  generally  in  old  people,  fre- 
quently from  a  direct  blow  on  the  shoulder.  The  line  of  fracture  is 
never  exactly  that  of  the  anatomical  neck  of  the  humerus,  but  usually 
includes  in  the  upper  fragment  a  portion  of  the  shaft  in  the  inner  side 
and  sometimes  a  piece  of  the  tuberosities. 

Diagnosis.  The  shoulder  is  bruised,  swollen,  and  painful,  but  the 
head  of  the  humerus  is  in  the  glenoid  cavity. 

The  fracture  is  often  impacted,  in  which  case  crepitus  will  not  be 
obtained  on  manipulation.  On  measurement  from  the  prominent  point 
on  the  posterior  border  of  the  acromion  to  the  external  condyle  shorten- 
ing is  not  more  than  half  an  inch. 

Treatment.  If  impacted,  never  attempt  to  disimpact.  Further,  the 
upper  fragment  is  often  attached  to  the  lower  fragment  only  by  a 
strip  of  periosteum  or  an  extension  of  a  muscular  insertion,  and  in  con- 
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sequence,  forcible  manipulation  is  strictly  contra-indicated.  There  is 
usually  little  lateral  displacement  of  the  fragments.  All  that  remains 
therefore  for  the  surgeon  to  do  is  to  make  the  patient  comfortable  with 
a  modest  pad  in  the  axilla,  bind  the  arm  to  the  side  of  the  body,  and  wait 
for  union. 

Massage  of  the  shoulder,  not  movement,  may  be  employed  from  the 
beginning.  After  a  week  repair  will  have  commenced,  the  muscles  round 
the  shoulder  will  no  longer  be  contracted,  nor  will  they  be  prone  to 
sudden  spasms,  and  support  of  the  elbow  in  a  sling  and  a  light  con- 
trolling bandage  round  the  body  is  all  that  is  necessary. 

Three  weeks  after  the  injury  union  should  be  far  enough  advanced 
for  the  patient  to  attempt  gentle  active  movements  with  impunity. 
Recovery  with  a  satisfactory  range  of  movement  should  be  complete  in 
about  six  weeks. 

3.  Fracture  of  the  surgical  neck.  Fracture  of  the  surgical  neck 
occurs  below  the  tuberosities;  there  is  often  considerable  displacement 
of  the  fragments  and  sometimes  serious  error  of  alinement. 

Accuracy  of  alinement  is  of  paramount  importance  in  all  treatment 
of  fractures.  If  the  two  fragments  are  allowed  to  unite  at  an  angle  to 
one  another  or  with  a  rotational  discrepancy,  the  limb  which  results  will 
work  about  as  well  as  a  pair  of  wheels  with  a  twisted  axle.  If  the  axle 
is  straight,  the  wheels  will  go  round  true — it  does  not  matter  how  much 
the  axle  may  be  patched  so  long  as  it  does  not  hit  any  working  part.  So 
with  a  broken  bone,  if  the  alinement  is  correct,  the  line  of  action  of 
muscles  in  relation  to  joints  will  make  for  good  function;  local  projec- 
tions and  irregularities  do  not  matter  unless  they  interfere  with  nerves 
or  muscles,  or  in  the  case  of  a  fracture  near  a  joint  form  a  mechanical 
block  to  free  movement. 

One  observes  from  a  clinical  and  radiographic  examination  of  recent 
cases  exhibiting  deformity  that  the  upper  fragment  is  abducted  by  the 
muscles  attached  to  the  great  tuberosity;  and  rotated  outwards. 

The  upper  end  of  the  lower  fragment  is  drawn  in  towards  the  trunk 
by  the  pectoralis  major,  teres  major,  and  latissimus  dorsi,  which  are  all 
internal  rotators  as  well  as  adductors.  It  is  further  drawn  up  by  the 
biceps  and  deltoid  against  the  inner  aspect  of  the  upper  fragment,  so 
increasing  deformity.  If  the  upper  fragment  will  not  come  into  line 
with  the  lower,  the  lower  must  come  into  line  with  the  upper. 

Treatment.  Traction  on  the  arm  in  the  axis  of  the  humerus,  grad- 
ually abducting  and  rotating  outwards  till  the  arm  is  at  right  angles 
to  the  body  or  even  straight  upward  parallel  to  the  side  of  the  head,  will 
disengage  the  lower  fragment  from  the  inner  side  of  the  upper  fragment. 
In  this  position  the  line  of  traction  of  the  pectoralis  major,  latissimus 
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dorsi,  and  teres  major  is  in  the  axis  of  the  shaft,  so  these  muscles  no 
longer  exert  a  lateral  distorting  force. 

While  an  assistant  is  extending  the  limb  in  this  way  the  surgeon 
with  his  hands  feels  when  the  bones  have  completely  disengaged.  He 
then  asks  the  assistant  to  relax  the  tension  on  the  limb,  while  he  tries  to 
guide  the  ends  so  that  they  engage  end  to  end. 

If  they  do  engage,  they  can  often  be  gently  pressed  together  and 
made  to  lock  sufficiently  to  allow  the  arm  to  be  brought  down  to 
the  side  slowly  and  gently,  and  with  a  pad  in  the  axilla  the  arm  is 
securely  fixed  to  the  body,  with  the  elbow  bent  to  an  angle  of  forty-five 
degrees  and  the  wrist  slung  from  the  neck.  These  movements  should 
be  performed  with  gentleness  and  judgment  to  avoid  injury  to  nerves 
and  vessels. 

Experience  has  shown  that  once  this  manoeuvre  is  successfully  accom- 
plished the  ends  are  not  likely  to  disengage,  and  all  that  is  necessar)-  is 
to  wait  for  union  and  then  gradually  commence  movement. 

If  the  shape  of  the  line  of  fracture  is  such  that  the  fragments  will  not 
lock  properly  and  therefore  disengage  when  the  arm  is  brought  down 
to  the  side,  the  arm  must  be  fixed  in  the  abducted  position.  In  this 
position  the  line  of  traction  of  the  pectorals  and  latissimus  is  practically 
the  axis  of  the  limb,  and  therefore  will  only  pull  the  two  ends 
towards  each  other  and  not  laterally,  and  usually  the  fragments  will 
not  slip. 

The  whole  arm,  shoulder  and  upper  limb,  is  swathed  in  one  layer  of 
cotton-wool.  It  is  best  to  roll  up  a  whole  length  of  cotton-wool  and 
apply  it  like  a  bandage.  Over  this  a  plaster  bandage  is  applied  to  the 
arm  and  upper  part  of  the  chest,  rubbing  it  firmly  in  round  the  shoulder 
and  axilla  and  again  firmly  round  the  bony  points  about  the  elbow.  A 
proper  grip  of  the  condyles  of  the  humerus  prevents  shortening  of  the 
limb;  to  make  sure  of  the  external  rotation  the  forearm  should  be 
included;  if  the  elbow  is  bent  till  the  hand  is  behind  the  head,  the  position 
is  not  in  any  way  uncomfortable,  and  the  success  of  the  functional  result 
is  assured. 

Two  lengths  of  strong  webbing,  like  horse-girths  or  something  not 
quite  so  wide,  one  round  the  axilla  and  fixed  on  the  opposite  side  of  the 
table,  and  the  other  over  the  top  of  the  shoulder  and  fixed  to  the  bottom 
of  the  table,  give  an  excellent  resistance  against  which  to  pull.  A  roller 
towel  or  folded  sheet  will  do,  but  being  more  bulky  is  more  apt  to  get  in 
the  way  of  the  surgeon's  hands  when  manipulating  the  shoulder. 

Fracture  of  the  neck  with  dislocation  of  the  head  of  the  humerus. 
Fracture  with  dislocation  is  more  often  a  fracture  of  the  surgical  neck 
than  of  the  anatomical,  and  is  a  most  formidable  condition  to  treat, 


JOINTS  OF  UPPER  LIMB  767 

as  the  functional  result  is  often  not  satisfactory  to  the  patient.     The 
luxation  is  usually  of  the  anterior  type. 

Diagnosis.  The  limpness  of  the  arm,  abnormal  mobility  and 
crepitus,  all  point  to  a  diagnosis  of  fracture;  the  absence  of  the  head 
from  the  glenoid  cavity  should  not  be  overlooked,  therefore  an  examina- 
tion of  the  region  immediately  under  the  acromion  should  never  be 
omitted.  An  X-ray  is  indispensable.  Of  course  manipulation  of  the 
arm  has  no  effect  on  the  position  of  the  head. 

To  follow  the  ancient  practice  of  letting  the  bones  unite  in  situ,  and 
later  attempt  reduction,  is  to  ensure  a  very  poor  result. 

There  are  only  two  lines  of  treatment : — 
(a)  Manipulation. 
(&)  Open  operation, 

(a)  Manipulation  systematically  carried  out  under  full  anaesthesia  is 
often  successful.  The  patient  may  be  fixed  with  webbing  straps,  as 
described  above,  and  an  assistant  extends  and  abducts  the  arm  up  to  the 
extreme  limit  of  having  the  arm  parallel  to  the  head.  This  gets  the 
shaft  of  the  humerus  right  out  of  the  way,  and  also  pulls  the  pectoralis 
major  well  up  out  of  the  way. 

Meanwhile  the  surgeon  by  direct  digital  pressure  on  the  displaced 
head  may  be  able  to  roll  it  back  into  the  glenoid  cavity,  when  the  rest  of 
the  process  is  exactly  the  same  as  described  in  the  previous  section  on 
'  Fracture  of  the  surgical  neck '. 

(6)  Operation  is  indicated  (i)  when  manipulative  replacement  fails; 
(2)  when -there  is  serious  pressure  on  axillary  vessels  or  nerves  by  the 
displaced  head. 

The  writer's  opinion  is  that  manipulative  treatment  is  so  often  suc- 
cessful that  it  should  be  tried  first  whenever  the  state  of  the  limb  permits. 

The  operation.  The  head  being  usually  somewhere  below  the 
coracoid  process,  the  ordinary  anterior  incision  from  the  tip  of  the 
coracoid  will  usually  be  chosen. 

(a)  The  displaced  head  should  if  possible  be  replaced;  McBurney's 
method  is  very  useful,  as  it  enables  the  surgeon  to  control  the  head  with- 
out unnecessary  handling.  It  consists  of  drilling  a  hole  through  the 
shaft  of  the  upper  fragment  and  passing  a  blunt  hook  through  it,  to 
facilitate  manipulation  for  reduction. 

(&)  In  rare  instances,  where  the  injury  is  not  quite  recent  and  pres- 
sure symptoms  exist,  removal  of  the  loose  head  may  be  the  only  solution 
of  the  difficulty.  The  resulting  false  joint  is  sometimes  not  very  effective, 
as  the  muscular  attachments  which  form  after  excision  are  not  a  perfect 
imitation  of  the  natural  condition,  and  the  shape  of  the  end  of  the  bone 
is  seldom  moulded  by  muscular  action  to  form  a  very  efficient  joint. 
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The  writer  has,  however,  seen  very  useful  joint  results  after  removal  of 
the  head. 

Stiff  shoulder.  After  any  of  the  previous  accidents,  dislocation 
or  some  form  of  fracture,  there  may  be  considerable  cicatricial  contrac- 
tions about  the  shoulder- joint  preventing  freedom  of  movement.  The 
nature  of  the  stiffness  is  determined  as  a  rule  by  the  fact  that  the  arm 
has  been  kept  in  a  sling  hanging  by  the  side  with  the  forearm  across  the 
front  of  the  body,  and  it  is  in  this  position  that  the  contracting  tissues 
have  become  consolidated. 

The  patient  can  often  raise  the  arm  forward  pretty  well,  but  this  is 
done  mainly  by  moving  the  scapula. 

Abduction  from  the  side  is  very  limited,  and  rotation  both  outwards 
and  inwards  is  usually  very  slight. 

The  injury  being  an  old  one,  and  an  X-ray  having  demonstrated  that 
there  is  no  active  pathological  condition  about  the  shoulder,  treatment 
may  be  commenced. 

Treatment  is  directed  with  two  objects:  first  to  obtain  increased 
mobility  at  the  shoulder-joint,  and  second  to  train  the  patient  to  move 
the  scapula  more  freely,  and  thus  increase  the  mobility  of  the  limb  as 
a  whole,  even  if  the  actual  mobility  at  the  shoulder  is  lost.  The  latter 
method  alone  can  be  attempted  in  the  case  of  bony  ankylosis  at  the 
shoulder,  and  the  best  position  of  the  arm  to  obtain  the  most  satisfactory 
result  will  be  discussed  later. 

Stiffness  due  to  adhesions  about  the  shoulder- joint. — ^The  procedure 
is  to  break  down  adhesions  under  an  anaesthetic  as  described  in  a  previous 
section  (p.  743). 

The  shoulder  should  then  be  massaged  and  rubbed ;  as  soon  as  the 
patient  comes  out  from  the  anaesthetic — gas  should  be  used  for  prefer- 
ence— he  should  be  made  to  perform  all  movements.  As  his  deltoid  is 
out  of  training  from  disuse  he  cannot  lift  his  arm  voluntarily  at  once, 
but  it  is  necessary  that  he  should  perform  the  full  range  of  movement. 
This  he  can  do  by  getting  his  hand  on  the  wall  and  creeping  up  with  his 
fingers  until  the  elbow,  arm,  and  side  are  flat  against  the  wall.  If  the 
patient  will  resolutely  do  this  a  few  times  every  day  he  will  have  a 
useful  arm. 

Ankylosis  of  the  shoulder  is  not  such  a  disabling  condition  as  one 
would  expect,  provided  it  is  ankylosed  in  a  convenient  position.  The 
reason  is  that  by  increased  mobility  of  the  scapula,  the  hand  can  be  got 
into  almost  any  position  commonly  required  when  at  table  or  putting 
on  clothes. 

First,  the  arm  should  be  abducted  about  sixty  degrees  or  more  from 
the  side — movement  of  the  scapula  will  easily  replace  this  amount  of 
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abduction.  Second,  the  arm  should  be  rotated  out  far  enough  for  the 
hand  to  be  brought  to  the  back  of  the  head  when  the  shoulder  is 
raised.  Third,  the  elbow  should  be  a  little  in  front  of  the  mid-axillarv 
line,  for  convenience  in  handling  a  knife  or  fork  at  table,  playing  a 
piano,  &c. 

If  these  three  points  are  attended  to  during  the  treatment  of  an  injury 
of  the  shoulder  in  which  ankylosis  is  inevitable,  the  muscles  about  the 
scapula  will  soon  learn  to  increase  their  range  of  movement.  To  hasten 
this  the  patient  should  assiduously  practise  all  possible  movements  of 
the  arm. 

A  patient  with  an  arm  ankylosed  in  this  position  can  perform  all 
ordinary  movements  so  unobtrusively  that  many  people  will  fail  to 
observe  he  has  any  limitation  of  movement  at  the  shoulder. 

INJURIES  ABOUT  THE  ELBOW 

Whilst  the  elbow-joint  proper  has  a  pure  hinge  movement,  the  radio- 
ulnar joint,  by  which  supination  and  pronation  of  the  forearm  are 
accomplished,  is  closely  connected  with  it,  and  the  two  together  are 
essential  to  full  and  free  use  of  the  hand.  Any  defect  in  the  muscles, 
ligaments,  or  articular  surfaces  connected  with  these  movements  is  so 
annoying  to  the  patient  that  he  declares  that  they  make  his  joint  *  prac- 
tically useless  '.  This  applies  particularly  to  the  numerous  varieties  of 
muscle  strain  which  occur  round  the  elbow,  each  one  of  which  gives  no 
trouble  except  in  a  particular  movement. 

The  ligaments  about  the  elbow- joint  are: 

1.  Internal  lateral  of  the  elbow-joint. 

2.  External  lateral  of  the  elbow- joint. 

3.  Anterior  capsular  of  the  elbow-joint. 

4.  Posterior  capsular  of  the  elbow- joint. 

5.  Orbicular  of  the  radio-ulnar  joint. 

Note  that  the  external  lateral  and  anterior  ligaments  both  send  strong 
bands  into  the  orbicular  ligament. 

The  joint  is  further  supported  by  the  mass  of  muscular  origins  and 
insertions  closely  investing  it.    Of  these  the  most  important  are : 

1.  Triceps  tendon,  which  forms  a  strap  binding  the  back  of 
the  joint  when  the  elbow  is  flexed. 

2.  The  anconeus  lying  close  to  the  bone  on  the  outer  side  of 
the  olecranon. 

3.  Pronator  radii  teres  and  the  other  superficial  flexor  group  from  the 
internal  condyle. 

4.  The  superficial  extensor  group  from  the  front  of  the  external 
condyle. 


Behind 
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5.  Biceps  to  the  bicipital  tuberosity  of  the  radius  with  which  a  bursa 
is  connected. 

6.  The  brachialis  anticus  to  the  coronoid  process  of  the  ulna. 

The  attachments  of  any  of  these  muscles  may  be  torn  or  partially 
detached  by  violent  movements  of  the  elbow  in  handling  implements  of 
toil  or  sport — hence  such  terms  as  '  tennis  elbow  '  and  '  golf  elbow '. 

MUSCLE  STRAINS  ABOUT  THE  ELBOW 

Diagnosis  is  made 

(i)  by  the  patient's  statement  that  only  certain  movements  cause 
pain  and  sudden  disability; 

(2)  by  localizing  the  tender  spot  by  palpation  in  the  attachment  of 
some  muscle ; 

(3)  by  the  exclusion  of  bone  injury  by  an  X-ray  photograph. 
Strain  of  the  insertion  of  the  triceps  may  have  to  be  distin- 
guished from: 

1.  Bursitis  of  an  adventitious  bursa  which  is  superficial  to  the  tendon 
and  should  present  no  difficulty. 

2.  Fracture  of  the  olecranon — which  is  often  only  an  avulsion  of  the 
tip,  in  other  cases  a  fracture  through  to  the  sigmoid  cavity;  even  then 
the  dense  periosteum  may  prevent  displacement,  but  the  seat  of  fracture 
can  usually  be  recognized  by  feeling  the  crack  in  the  bone.  An  X-ray 
decides  the  point. 

3.  Chronic  strain  of  the  triceps  tendon  may  cause  inflammation  of 
the  bursa  situated  between  the  tendon  and  capsule  of  the  joint  and  gives 
rise  to  pain  on  pressure  by  the  finger  or  on  tension  of  the  muscle. 

Treatment.  Extend  elbow,  apply  a  straight  splint  along  the  front 
of  the  arm  with  pad  over  seat  of  injury  and  firm  pressure  to  limit 
effusion. 

1.  If  the  injury  is  a  recent  one  repair  will  be  complete  in  a  few  days 
and  movement  will  not  cause  pain. 

2.  In  cases  in  which  repeated  strain  has  made  the  area  of  insertion 
tender,  a  firm  pad  alone  over  the  seat  of  injury  will  suffice;  but  if  acute 
it  will  be  necessary  to  apply  a  splint  as  well.  To  stop  strain  on  the 
triceps  from  being  conveyed  to  the  seat  of  injury  apply  a  pad  of  sticking- 
plaster  to  the  tendon  of  the  triceps  just  above  the  olecranon  and  fix  with 
two  firm  turns  of  strapping  round  the  arm. 

3.  Very  chronic  conditions  with  a  deeply  seated  small  collection  of 
fluid  which  is  not  absorbed  may  be  successfully  dealt  with  by  the  hot 
needle  (Fig.  293),  followed  by  pad  and  strapping. 

Strain  of  common  extensor  or  flexor  origins.  It  may  be  pos- 
sible at  times  to  localize  the  injury  to  one  muscle,  especially  if  it  is  only 
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supination  or  pronation  which  causes  pain,  by  carefully  testing  which 
muscular  action  is  the  cause  of  pain,  by  passively  putting  strain  on  the 
various  muscles,  and  by  eliciting  tenderness  on  pressure  over  the  origin 
from  the  external  or  internal  condyle. 

Treatment.  If  the  injury  is  a  recent  one,  fix  the  limb  with  the 
injured  muscle  relaxed,  and  apply  pressure  so  as  to  hasten  absorption  and 
prevent  effusion  of  fluid. 

In  more  chronic  cases  a  pad  should  be  applied  by  means  of  a  strap 
round  the  top  of  the  forearm,  just  below  the  flexure  of  the  elbow  in  this 


Fig.  293.    Needle. 

case.  To  complete  the  recovery  massage  and  graduated  exercise  are 
needed. 

Brachialis  anticus.  Strain  of  this  muscle  at  its  insertion  into  the 
base  of  the  coronoid  process  is  easily  localized.  The  muscle  must  be 
relaxed  by  flexing  the  elbow,  while  strain  is  to  be  relieved  by  fixing  a 
strap  just  above  the  elbow. 

Biceps.  Strain  at  its  insertion  into  the  bicipital  tuberosity  on  the 
radius  or  inflammation  in  the  bursa  under  the  insertion  is  localized  by 
tenderness  on  pressure  between  the  upper  parts  of  the  radius  and  ulna, 
but  still  more  by  the  fact  that  passive  resistance  to  flexion  and  especially 
supination  is  painful.     Pain  on  supination  distinguishes  strain  of  the 
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biceps  from  that  of  the  brachialis  anticus,  for  the  biceps  is  a  powerful 
supinator  of  the  forearm  as  well  as  a  flexor  of  the  elbow,  the  brachialis 
anticus  being  only  a  flexor  of  the  forearm. 

Sprains  of  ligaments  about  the  elbow  are  comparatively  unim- 
portant as  the  security  of  the  joint  depends  much  more  on  muscles  than 
on  ligaments.    Localization  and  treatment  are  fairly  obvious. 

FRACTURES  ABOUT  THE  ELBOW-JOINT 

There  is  one  golden  rule  regarding  fractures  of  the  elbow:  they 
should  all  be  treated  with  the  elbow  fully  flexed  and  the  forearm 
supinated,  with  the  single  exception  of  fracture  of  the  olecranon,  which 
requires  full  extension. 

Fracture  of  the  olecranon  process. 

1.  It  may  be  merely  an  avulsion  of  a  small  piece  of  bone  attached  to 
part  of  the  triceps  tendon. 

2.  The  fracture  may  be  right  across  the  body  of  the  olecranon  process, 
but  the  fragment  is  retained  in  position  by  intact  periosteum  or  expansions 
of  the  triceps  insertion. 

Treatment  in  either  of  these  cases  is  full  extension  of  the  elbow  on 
an  anterior  splint  and  a  firm  pad  above  the  olecranon  to  stop  the  triceps 
from  moving  it.  There  being  no  displacement  of  fragments  in  the  first 
instance,  none  can  now  occur  and  union  will  be  complete  in  three  weeks. 

3.  Fracture  across  the  olecranon  with  displacement.  Here  the  triceps 
has  already  contracted  and  pulled  the  fragment  out  of  position,  and  it  is 
not  always  easy  to  obtain  perfect  apposition  and  operation  may  be  needed. 

Treatment,  therefore,  is  to  operate  and  fix  the  fragment  into  position 
by  a  screw,  a  nail  or  kangaroo  tendon,  except  in  the  very  old  or  very 
young.  We  do  not  advise  operation  in  the  very  old,  because  a  reasonably 
good  elbow  is  obtained  by  fixing  with  splint  and  pad,  and  the  aged  are 
not  likely  to  indulge  in  very  active  pursuits.  Do  not  operate  in  the  very 
young,  because  screws  near  epiphyseal  cartilages  are  undesirable;  good 
control  can  generally  be  obtained,  and  an  excellent  result  follows  careful 
treatment  with  splint  and  pad. 

It  is  not  right  to  open  clean  joints  at  the  seat  of  war,  and  excellent 
results  can  be  obtained  by  fixing  the  arm  in  full  extension  upon  a  straight 
splint.  The  triceps  may  be  rendered  sufficiently  powerless  to  allow  of 
adjustment  of  the  olecranon,  by  placing  a  pad  under  pressure  over  the 
muscle  a  couple  of  inches  above  the  olecranon. 

FRACTURES  ABOUT  THE  CONDYLES 

The  great  risk  in  fractures  about  the  condyles  is  that  the  full  range 
of  flexion  will  be  lost  either  by  imperfect  reduction  or  by  excessive  forma- 


•      JOINTS  OF  UPPER  LIMB  773 

tion  of  callus,  and  the  knowledge  of  this  risk  directs  the  line  of  treat- 
ment required. 

Fracture  immediately  above  the  condyles,  althoiigh  not  ex- 

actly  an  injury  of  a  joint,  must  be  considered  as  such  because  if  im- 
properly treated  the  function  of  the  joint  is  hampered. 

The  injury  usually  occurs  by  a  fall  on  the  forearm  or  elbow.  The 
humerus  breaks  immediately  above  the  condyles,  the  elbow- joint  with 
the  lower  fragment  is  displaced  backwards,  leaving  the  lower  end  of  the 
upper  fragment  projecting  forward  in  front  of  the  lower  and  constituting 
a  mechanical  obstruction  to  the  flexion  of  the  joint  unless  reduction  is 
complete. 

The  best  means  of  reduction — I  would  almost  venture  to  say  the  only 
means  of  complete  reduction — is  a  combination  of  complete  flexion  of 
the  elbow  with  downward  traction  of  the  forearm.  If  the  limb  is  then 
bandaged  in  complete  flexion,  with  the  forearm  supinated,  i.e.  the  palm 
towards  the  shoulder — a  good  result  in  every  case  of  simple  uncompli- 
cated fracture  is  practically  assured. 

The  tendon  of  the  triceps  muscle  arranged  like  a  strap  round  the 
back  of  the  joint  is  a  perfect  splint.  The  coronoid  process  of  the  ulna 
tucked  into  the  coronoid  fossa  steadies  the  lower  fragment  in  front.  No 
excessive  callus  can  form  in  front  to  form  an  obstruction,  because  there 
is  no  room  for  it. 

After  three  or  four  days,  when  absorption  of  immediate  exudates  is 
well  advanced  and  repair  has  begun,  and  when  in  particular  the  muscles 
have  come  to  rest,  the  elbow  need  not  be  so  acutely  flexed,  but  the  fore- 
arm should  be  slung  by  the  wrist  close  under  the  chin. 

Between  the  second  and  third  weeks,  when  bony  union  is  fairly 
secure,  the  wrist  may  be  dropped  two  or  three  inches,  and  the  patient 
may  practise  active  movements  daily,  producing  full  flexion  and  then 
allowing  the  arm  to  fall  down  to  the  limit  allowed  by  the  sling.  If  the 
movement  can  be  satisfactorily  performed  the  sling  can  be  lengthened 
every  two  or  three  days  until  a  right  angle  is  reached,  when  it  can  be 
discarded  altogether. 

Rule.  In  any  injury  or  inflammatory  condition  of  the  elbow,  which 
has  been  treated  in  full  flexion  with  the  wrist  slung  under  the  chin,  the 
test  of  recovery  is  twofold : 

(a)  The  absence  of  tenderness  on  manipulation  about  the  joint  is  a 
sign  that  the  second  part  of  the  test  may  be  tried,  namely : 

(6)  Lengthen  the  sling  and  allow  the  wrist  to  drop  three  inches.  If 
after  two  days  the  patient  can  move  the  hand  from  this  position  back  to 
the  neck,  all  is  well,  and  a  daily  increase  in  the  range  of  movement  can 
be  arranged. 
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If,  however,  the  elbow  becomes  stiff  in  the  new  position,  it  is  an 
indication  that  the  joint  or  the  structures  about  the  joint  resent  move- 
ment^the  muscles  are  on  guard,  and  this  indicates  that  the  repair  is  not 
far  enough  advanced  to  allow  movement  without  damaging  the  site  of 
repair. 

If  this  happens  the  elbow  should  be  again  put  up  in  the  acutely  flexed 
position  and  an  interval  of  a  week  allowed  before  the  test  is  repeated. 

A  warning  must  be  given  against  the  old  right-angled  internal  splint 
for  the  elbow.  Satisfactory  use  of  this  splint  is  extremely  difficult.  Dis- 
tortions about  the  elbow  are  frequently  produced  by  its  use,  and  it  is 
therefore  to  be  regarded  as  a  dangerous  device. 

First,  it  provides  no  easy  means  of  preventing  backward  displace- 
ment of  the  lower  fragment.  Second,  it  leaves  room  for  the  formation 
of  excessive  callus  in  front  of  the  elbow.  Third,  it  is  very  easy  with  this 
splint  to  press  unduly  on  the  internal  condyle,  tilting  the  lower  fragment 
outwards  and  so  throwing  the  joirU  out  of  true  alinement,  and  this  condi- 
tion may  not  be  noticed  till  the  patient  begins  to  use  his  arm — it  is  there- 
fore an  insidious  danger. 

We  may  therefore  say  that  the  internal  right-angled  splint  for  treat- 
ment of  elbow-joint  injuries  is  to  be  regarded  as  absolutely  obsolete. 

There  are  cases  of  compound  injury  to  the  elbow,  such  as  bullet- 
wounds  with  suppuration,  in  which  it  is  impossible  to  treat  the  elbow  in 
the  fully  flexed  position.  A  simple  form  of  extension  splint  for  these 
cases  will  be  described  below  under  *  Compound  Injuries  '. 

Fracture  of  the  condyles  involving  the  joint  usually  means  a 
fracture  running  from  the  trochlear  surface  to  one  or  both  sides,  break- 
ing off  one  or  both  condyles. 

This  fracture  is  produced  by  falls  on  the  elbow ;  the  sigmoid  surface 
of  the  humerus  acts  as  a  wedge  and  splits  the  condyles,  breaking  off  one 
or  both  with  more  or  less  splintering.  This  is  the  most  common  frac- 
ture about  the  elbow,  in  adults  being  commoner  than  the  supracondylar 
variety. 

Diagnosis.  The  characteristic  feature  of  this  fracture  is  widening 
of  the  condyles  owing  to  the  split  between  them.  There  is  also  the  usual 
backward  displacement  of  the  elbow,  and  in  addition  the  elbow  and 
olecranon  may  be  displaced  to  one  side  or  the  other.  The  triceps  and 
olecranon  are  intact.  The  X-ray  photograph  will  show  the  exact  nature 
of  the  split. 

Treatment.  Reduction.  The  surgeon  takes  the  lower  end  of  the 
humerus  in  one  hand  with  the  thumb  above  one  condyle  and  the  fore- 
finger above  the  other — the  elbow  is  thus  in  his  hand.  With  his  other 
hand  he  pulls  the  forearm  in  the  line  of  the  limb  and  gently  but  resolutely 
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brings  the  elbow  into  full  flexion  with  the  forearm  in  full  supination. 
While  performing  this  movement  the  hand  grasping  the  condyles  feels 
any  movement  that  takes  place  among  the  fragments,  and  by  following 
that  movement  by  gently  grasping  them  they  can  usually  be  coaxed  into 
better  apposition. 

Flexion  must  be  resolute  so  that  any  fragment  displaced  forward  is 
pushed  aside  out  of  the  way.  If  any  fragment  is  lodged  in  front  of  the 
joint  and  blocks  full  flexion,  it  should  be  replaced  and  fixed  by  operation 
should  manipulation  fail. 

The  further  treatment  is  exactly  that  already  described,  and  the  most 
punctilious  attention  must  be  given  to  the  rule  for  testing  for  recovery 
before  allowing  movement.    Early  passive  movement  is  harmful. 

The  function  that  is  secured  under  this  line  of  treatment,  by  allowing 
the  hand  gradually  to  descend  from  the  fully  flexed  position  till  the 
elbow  is  at  a  i:ight  angle  and  then  discarding  the  sling  and  allowing 
gravity  and  movement  to  restore  the  tension,  is  usually  excellent. 

The  range  of  movement  will  be  from  full  flexion  to  some  point 
between  a  hundred  and  thirty-five  degrees  and  full  extension.  Six  to 
eight  weeks  after  the  injury,  when  repair  is  complete,  the  last  few 
degrees  of  extension  can  usually  be  restored  by  forcible  movement  with 
or  without  gas,  followed  by  passive  and  active  exercise. 

The  elbow  often  remains  permanently  broader  than  the  other,  which 
is  merely  a  cosmetic  defect,  and  in  the  presence  of  excellent  function  is 
not  resented. 

Operation.  The  temptation  to  operate  and  screw  the  fragments 
into  position  is  very  great.  It  is  true  that  this  operation  successfully 
performed  reduces  the  broadening  of  the  condyles  and  therefore  leaves 
a  more  artistic  elbow.  Some  of  the  results  of  operation  are  absolutely 
perfect,  but  the  writer's  experience  is  that  the  average  result  from  the 
point  of  view  of  good  functional  movement  obtained  by  careful  treat- 
ment without  operation  is  rather  better  than  that  secured  by  operative 
methods. 

The  dangers  of  operation  are  increased  to  an  alarming  extent  if 
performed  where  cleanliness  cannot  be  assured. 

FRACTURE  OF  THE  CORONOID  PROCESS  OF  THE  ULNA 

Occurs  sometimes  in  association  with  backward  dislocation  of  the 
elbow,  and  is  sometimes  produced  by  muscular  violence. 

The  injury  is  distinguished  from  mere  muscular  strain  by  the  greater 
disability  of  the  arm,  by  crepitus  on  local  manipulation,  and  by  the  X-ray 
photograph. 

Treatment.     All  that  is  necessary  islto  flex  the  forearm  completely ; 
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this  relaxes  the  brachialis  anticus,  which  is  the  most  important  muscle. 
The  tip  of  the  coronoid  clips  into  the  coronoid  fossa  of  the  humerus,  and 
the  parts  remain  in  their  normal  positions  and  union  will  be  satis- 
factory. 

It  is  very  rare  for  the  fragment  to  be  displaced  so  far  or  to  be  so 
engaged  in  muscles  that  it  cannot  be  replaced  by  this  means. 

FRACTURE  OF  THE  NECK  OF  THE  RADIUS 

May  occur  with  or  without  dislocation  of  the  head  of  the  radius 
forwards  on  to  the  front  of  the  capitellum  or  external  condyle. 

Treatment,  (a)  For  the  simple  fracture  of  the  neck  the  treat- 
ment is  full  flexion  of  the  elbow  with  the  forearm  supinated. 

(b)  When  the  head  is  dislocated  as  well  as  broken  off,  the  displaced 
head  may  impede  free  flexion.  The  simplest  treatment  is  to  remove  it. 
The  lump  of  callus  which  forms  round  the  broken  end  of  the  neck  forms 
an  excellent  head  under  the  moulding  forces  of  the  ordinary  movements 
of  the  part. 

FRACTURE  OF  HEAD  OF  RADIUS 

Fracture  of  a  portion  of  the  head  of  the  radius  is  not  uncommoa 
It  is  very  apt  to  interfere  with  supination. 

Treatment.  The  rule  is  to  manipulate  until  supination  is  easily 
attained.  If  failure  results  then  the  loose  piece  can  be  removed.  One 
of  the  chief  causes  of  *  clicking  *  elbow  is  mal-imion  of  a  small  portion 
of  the  fractured  head  of  the  radius. 

DISLOCATIONS  OF  THE  ELBOW 

Dislocation  of  the  elbow  is  a  much  more  serious  accident  than  is 
commonly  supposed,  because  after  this  injury  in  the  adult,  impairment 
of  function  often  follows,  and  a  frequent  cause  of  this  impairment  is 
the  condition  known  as  myositis  ossificans  traumatica. 

Myositis  ossificans  traumatica.  This  condition,  which  is  fre- 
quently associated  with  dislocation  of  the  elbow,  has  not  received  the 
notice  it  deserves.  Its  onset  is  insidious,  and  when  well  established  it 
results  in  a  locking  of  the  elbow-joint,  for  which  no  satisfactory  treat- 
ment has  been  found. 

So  far  as  the  mode  of  its  onset  can  be  interpreted,  the  following  may 
be  taken  to  be  a  fairly  accurate  picture. 

The  original  injury  results  in  considerable  tearing  of  muscular 
attachment  from  bone  accompanied  by  a  large  amount  of  haemorrhage. 
With  the  torn  muscular  attachments  fragments  of  periosteum  and  osteo- 
genetic  tissue  are  pulled  away,  and  it  is  probably  these  which  are  the 
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originators  of  the  formation  of  new  bone  along  the  interfibrillary  and 
intermuscular  septa.  There  does  not  seem  to  be  any  way  of  absolutely 
preventing  detached  osteoblastic  tissue  from  forming  bone,  but  we  can 
at  least  apply  our  knowledge  of  the  behaviour  of  cicatrix  formations  in 
general,  and  take  care  to  avoid  all  that  will  be  likely  to  provoke  the 
rapidly  growing  tissues  to  unnecessary  activity. 

The  usual  history  is  that  the  patient  has  suffered  from  a  posterior 
dislocation  of  the  elbow-joint.  The  X-ray  photograph  shows  absolutely 
no  fracture  or  splintering  of  bone;  the  outlines  of  the  bones  are  quite 
clean  and  unbroken. 

The  dislocation  is  reduced,  and  after  the  first  effusion  has  passed 
away  all  seems  to  be  going  well.  Four  to  six  weeks  later,  however,  the 
patient  begins  to  complain  of  increasing  stiffness,  and  the  practitioner 
very  probably  is  tempted  to  resort  to  passive  movement — which  is  a 
dangerous  procedure. 

An  X-ray,  taken  when  this  stiffness  begins,  shows  a  suspicious 
cloudiness  about  the  attachments  of  some  muscle,  usually  the  brachialis 
anticus.  Two  or  three  weeks  later  this  shadow  has  become  clearly 
defined,  and  may  even  show  traces  of  bone  structure.  Some  years  ago 
we  removed  the  whole  of  this  new  bone  formation  in  a  considerable 
number  of  cases  with  most  unsatisfactory  results,  because  in  the  majority 
of  instances  osteogenesis  took  place  again  in  the  region  from  which  the 
bony  formation  had  been  removed — even  when  care  had  been  taken  to 
make  the  operation  as  complete  as  possible. 

It  has  already  been  pointed  out  that  the  process  of  repair  in  an  injured 
area  will  be  completed  with  the  minimum  amount  of  cicatrix,  whether 
fibrous  or  osseous,  if  it  is  left  severely  alone  in  a  good  position  of  rest; 
it  has  also  been  laid  down  as  a  rule  that  up  to  a  certain  stage  of  repair 
movement  is  injudicious,  because  it  is  apt  to  excite  further  effusion  and 
increased  activity  of  production  of  formed  tissues,  either  fibrous  or 
osseous  as  the  case  may  be. 

The  systematic  use  of  X-rays  has  proved  that  myositis  ossificans 
occurs  more  or  less  in  a  very  appreciable  proportion  of  dislocations  of 
the  elbow,  especially  in  young  subjects. 

Treatment.  From  personal  experience  the  lesson  learned  has  been 
that  every  dislocation  of  the  elbow  is  to  be  regarded  as  a  serious  lesion. 
After  reduction  and  fixation  in  full  flexion,  the  limb  must  be  kept  at 
rest  till  repair  has  become  absolutely  complete,  just  as  if  the  case  were 
one  of  fracture,  and  that  early  passive  movement  or  permission  to  use 
the  arm  freely  for  all  purposes  must  not  be  given  till  the  stage  at  which 
osteogenetic  tissues  in  or  about  the  site  of  injury  have  become  com- 
pletely quiescent  and  are  not  likely  to  be  excited  to  harmful  activity. 
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It  is  interesting  to  note  that  myositis  ossificans  does  not  result  from 
fracture  of  the  coronoid  process  nearly  so  often  as  from  an  apparently 
simple  posterior  dislocation. 

If  the  explanation  given  above  is  correct,  the  reason  for  this  must 
be,  first,  that  the  break  is  a  clean  one  through  bone,  and  not  a  rough  tear 
of  muscle  attachments,  and  therefore  osteogenetic  cells  are  not  retracted 
into  the  muscle  to  the  same  extent ;  and,  second,  that  the  fractures  having 
been  recognized,  most  surgeons  would  naturally  keep  the  limb  quiet  for 
a  longer  period,  so  that  direct  union  of  the  bone  takes  place,  the  whole 
process  of  repair  is  completed,  by  which  time  the  period  of  danger  is  past 

The  sites  at  which  these  bony  deposits  among  muscle  are  most  prone 
to  form  are: 

1.  About  the  insertion  of  the  brachialis  anticus. 

2.  About  the  biceps. 

3.  In  the  lower  part  of  the  triceps  where  the  backward  displacement 
tears  the  shortest  fibres  of  the  triceps  from  their  attachment  on  the  back 
of  the  humerus  just  above  the  olecranon  fossa. 

Backward  dislocations.  Backward  dislocations  may  be  directly 
backwards,  backwards  and  outwards,  or  sometimes  backwards  and 
inwards. 

1.  The  head  of  the  radius  may  go  with  the  ulna. 

2.  The  ulna  may  pivot  on  the  radius. 

3.  The  orbicular  ligament  may  give  way  and  the  head  of  the  radius 
take  a  separate  course  from  the  ulna,  forwards  or  outwards. 

Diagnosis  is  made  by  localizing  the  relative  positions  of  bony  points. 
The  particular  landmarks  are  the  two  condyles  of  the  humerus  and  the 
tip  of  the  olecranon,  which  should  be  in  line  when  the  elbow  is  extended. 

Fixation  of  the  joint  is  characteristic  of  dislocation. 

Treatment.  Reduction  is  generally  easy,  first  by  hyperextension 
and  traction  to  disengage  the  coronoid  process,  then  fixation  in  acute 
flexion. 

After-treatment.  Two  or  three  days  later,  nearly  full  flexion  of 
the  elbow  with  the  wrist  slung  short  up  under  the  chin  is  required.  Com- 
plete rest  should  be  continued  for  three  weeks,  then  movement  may  be 
allowed,  but  not  work. 

This  seems  unnecessary,  but  it  is  a  wise  precaution,  in  view  of  the 
possibility  of  myositis  ossificans  supervening,  and  any  error  in  the  form 
of  too  much  movement  may  provoke  excessive  bone  formation. 

Forzvard  and  lateral  dislocations  are  not  so  frequent  as  posterior 
dislocation.  The  lateral  dislocation  may  be  associated  with  fracture  of 
one  or  other  condyle. 

The  reduction  of  these  deformities  is  usually  very  easy.     If  an 
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anaesthetic  is  given,  the  slightest  movement  may  cause  the  bones  to  slip 
back  into  place  when  the  muscles  are  thus  relaxed. 

The  treatment  is  the  same  as  for  posterior  dislocation,  but  the  fear 
of  myositis  ossificans  is  very  much  less  because  these  displacements, 
unless  very  extreme  in  degree,  are  associated  with  less  laceration  of 
muscular  attachments.  The  after-progress  should  be  carefully  watched, 
and  the  slightest  sign  of  increasing  stiffness  after  movement  has  been 
free  should  be  taken  as  an  indication  for  immediate  complete  rest  with 
the  elbow  acutely  flexed  again. 

The  radius.  Disk^cations  of  the  head  of  the  radius,  apart  from 
dislocations  of  the  ulna,  necessarily  mean  rupture  of  the  orbicular 
ligament. 

The  head  of  the  radius  is  much  more  closely  associated  with  the 
radio-ulnar  joint  than  with  the  elbow-joint,  for  except  in  extreme  flexion 
the  head  of  the  radius  does  not  articulate  with  the  humerus  at  all,  and  in 
all  positions  it  is  in  intimate  relation  to  the  ulna. 

If  the  orbicular  ligament  is  torn,  the  movements  of  supination  and 
pronation  may  cause  the  head  of  the  radius  to  move  to  and  fro  instead 
of  pivoting  on  its  own  axis. 

Therefore,  in  fixing  an  arm  after  reduction  of  the  head  of  the  radius, 
it  is  desirable  that  no  to-and-fro  movement  should  occur  to  disturb  the 
immediate  repair  of  the  torn  orbicular  ligament. 

This  is  most  securely  obtained,  as  a  rule,  by  flexing  fully  in  full  supi- 
nation, because  then  the  radius  resting  on  the  capitellum  cannot  slip 
forward  and  can  generally  be  easily  controlled  in  every  other  direction 
by  a  pad  and  bandage. 

The  question  of  supination.  In  all  injuries  of  the  elbow,  the 
successful  issue  of  which  is  doubtful,  great  care  must  be  taken  to  preserve 
supination. 

One  will  remember  that  in  holding  a  cup  or  saucer  the  palms  of  the 
fingers  must  be  facing  upwards  under  the  saucer;  if  the  radio-ulnar 
articulation  becomes  ankylosed  or  stiff  in  any  other  position,  the  patient 
cannot  hold  a  tray,  plate,  or  any  such  object  horizontal,  and  therefore 
constantly  spills  things,  and  this  is  a  daily  annoyance  which  can  be 
avoided  by  a  little  forethought  on  the  part  of  the  surgeon. 

Ankylosis  of  the  elbow.  The  common  position  of  ankylosis  of 
which  patients  complain  is  with  the  forearm  at  an  angle  of  135°  or 
more  to  the  upper  arm.  The  history  usually  is  that  the  arm  was  originally 
at  a  right  angle  and  became  stiff  in  that  position,  but  the  angle  gradually 
increased  afterwards,  from  which  we  learn  that  we  must  allow  for 
gravity  causing  an  alteration  in  the  angle  after  stiffness  appears  to  be 
complete. 
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The  most  useful  position  of  the  elbow  is  a  compromise.  For  ease 
in  getting  the  hand  to  the  mouth,  flexion  at  an  angle  of  45°  is  the  mo>t 
convenient,  but  then  there  is  difficulty,  for  instance,  in  reaching  over  a 
table  for  an  object  lying  on  it.  If,  however,  the  angle  is  too  great,  it  is 
impossible  to  get  the  hand  to  the  mouth  or  button  a  coat.  Hence  fcr 
general  purposes  an  angle  just  over  a  right  angle  is  the  best  compromise, 
for  by  bending  the  head  forward  the  patient  can  feed  himself  and  yei 
have  a  fairly  long  reach. 

Compound  and  septic  wounds  of  the  elbow.  Bullet-wounds 
in  the  present  war,  so  different  from  those  of  the.  Boer  War,  have  nearly 


Fig.  294.    Elbow  Extension  Splint. 

all  been  septic,  and  many  have  been  through  and  in  the  immediate  neigh- 
bourhood of  the  elbow-joint,  especially  in  the  left  elbow. 

The  risks  of  bony  ankylosis  would  seem  to  be  very  great,  as  frequently 
the  bullet  has  shattered  bone  or  ploughed  through  the  joint,  injuring 
joint  cartilages. 

In  spite  of  the  havoc  of  splintered  bone  and  prolonged  suppuration, 
many  cases  are  recovering  with  a  surprising  range  of  movement. 

For  many  months  after  the  inflammatory  symptoms  have  subsided 
the  mobility  of  the  joint  can  be  increased  if  the  general  principles  already 
referred  to  are  applied.  To  attempt  to  break  down  adhesions  in  the 
traditional  manner  is  to  invite  failure.  By  waiting  until  pain  subsides 
and  then  gently  increasing  the  range  of  movement  by  an  alternate 
*  stretch  and  rest ',  the  author  has  been  able  to  obtain  excellent  function 
in  elbows  where  an  X-ray  photograph  could  offer  neither  hope  nor 
encouragement.     During  the  suppurating  stage  a  splint  should  be  used 
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which  allows  of  easy  access  to  the  wound  while  the  elbow  is  kept  flexed 
(Figs.  294  and  295). 

INJURIES  OP  THE  WRIST-JOINT  AND   CARPUS 

Strains  of  some  of  the  muscular  attachments  about  the  carpus 
are  not  uncommon,  and  the  relief  afforded  by  a  firm  strap  round  the 
wrist  is  well  known  to  the  working  man. 

In  addition  to  these,  we  have  synovitis  in  the  tendon-sheaths,  often 


Fig.  295.    Elbow  Extension  Splint.    Applied. 

brought  on  by  a  hard  spell  of  some  unaccustomed  form  of  work,  such 
as  rapid  trench-digging  or  hfting  weights. 

Bricklayers,  for  instance,  are  prone  to  a  synovitis  of  the  sheath  of 
the  extensors  of  the  left  thumb  {ext.  ossis  metacarpi  and  ext.  primi 
internodii  pollicis).  It  is  almost  invariably  on  the  second  day  of  work 
after  a  long  period  of  rest  that  this  condition  shows  itself.  It  is  the 
repeated  full  abduction  required  in  picking  up  and  laying  bricks  that 
brings  on  this  condition  in  muscles  which  are  out  of  training. 

For  these  simple  but  often  disabling  conditions  the  best  treatment 
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is  a  few  days'  rest,  with  massage  and  firm  bandaging,  followed  by  gentle 
exercise.  If  neglected  in  the  first  instance,  the  slight  effusion  and  con- 
siderable tenderness  may  become  chronic,  with  acute  exacerbation,  when- 
ever the  patient  attempts  to  work. 

Sprains  of  the  wrist.  If  an  X-ray  photograph  is  taken  of  even' 
*  sprained '  wrist  it  will  be  found  that  a  very  large  number  of  them  are 
really  cases  of  fracture  of  some  bone  of  the  carpus,  or  of  a  styloid  proc- 
ess, and  not  merely  an  injury  of  a  ligament. 

Fracture  of  a  carpal  bone,  if  the  patient  is  careless  and  uses  the  wrist 
roughly,  may  result  in  considerable  permanent  stiffness. 

Rule.  Every  injury  about  the  wrist  below  the  level  of  a  Colles's 
fracture  may  be  safely  treated  with  the  wrist  dorsiflexed  (Figs.  289  and 
290).  Once  the  wrist  has  been  put  into  this  position,  and  fixed  on  the 
splint  shown,  the  patient  may  move  his  fingers  after  the  first  effects  of 
the  accident  are  past,  without  any  fear  of  disturbing  repair. 

If  the  lesion  results  in  ankylosis  of  the  wrist,  the  grasp  of  the  fingers 
will  be  good  if  the  hand  is  dorsiflexed — a  fact  known  to  every  schoolboy 
who  first  flexes  the  wrist  of  an  opponent  when  he  wants  to  break  his 
grip.  The  result  of  treatment  of  wrists  in  any  other  position  is  very 
often  stiffness  in  a  position  of  partial  flexion,  in  which  the  grasp  of  the 
hand  is  weak.  Dorsiflexion  of  the  wrist  may  in  some  cases  of  injury 
about  the  joint  not  be  really  essential,  but  it  can  never  be  wrong. 

Fracture  of  the  carpus.  Like  sprains  of  the  wrist,  fractures  of 
the  carpus  are  usually  produced  by  falls  on  the  hand.  The  bone  most 
commonly  fractured  is  the  scaphoid,  and  it  is  usually  broken  right 
across  its  narrow  part. 

The  characteristic  point  in  making  a  clinical  diagnosis  is  that  the 
maximum  tenderness  and  swelling  are  found  on  pressure  in  the  *  anato- 
mist's snuff-box ',  the  name  given  to  the  hollow  between  the  tendons 
of  the  extensor  ossis  metacarpi  pollicis  and  extensor  secundi  intemodii 
pollicis.  If  this  is  found,  the  *  sprain'  is  usually  a  fractured  scaphoid; 
the  diagnosis  may  be  confirmed  by  X-ray. 

This  fracture  is  easily  distinguished  from  Bennett's  fracture  of  the 
base  of  the  first  metacarpal,  as  in  the  latter  case  maximum  tenderness 
is  half  to  three-quarters  of  an  inch  lower  down  on  the  ulnar  side  of 
the  metacarpal,  just  at  the  upper  end  of  the  first  intermetacarpal  space. 
One-half  of  the  scaphoid  is  often  dislocated,  usually  on  to  the  dorsum. 

Treatment.  Put  the  wrist  into  the  dorsiflexed  position,  or,  if  this 
is  not  possible  because  a  displaced  fragment  on  the  dorsum  blocks  the 
movement,  first  try  to  reduce  the  displacement  by  flexing  the  wrist  and 
pressing  the  fragment  down  into  its  place;  if  successful,  dorsiflexion 
will  be  easy. 
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If  this  IS  not  successful  an  attempt  should  be  made  to  push  the  dis- 
placed fragment  out  of  the  way  by  forcible  dorsiflexion.  •  If  this  method 
is  unsuccessful,  no  time  should  be  wasted,  but  an  incision  should  be 
made  over  the  offending  fragment  and  usually  the  smaller  one  removed. 
By  ensuring  that  the  wrist  is  in  complete  dorsiflexion  before  he  leaves 
it,  the  surgeon  will  save  the  patient  weeks  of  trouble  and  will  be  sure 
of  a  good  movable  joint  in  a  case  which  might  have  ended  in  a  stiff  one. 
The  wrist  should  be  kept  dorsiflexed  for  two  or  three  weeks. 

In  old-standing  cases  where  stiffness  has  occurred,  it  is  often  neces- 
sary to  administer  gas  and  wrench  the  wrist  into  dorsiflexion  in  order  to 


^ 


Fig.  296.    CoLLEs's  Fracture  Splints. 

improve  the  value  of  the  hand.  The  hyperextension  splint  (Fig.  289) 
must  then  be  worn  continuously  for  three  or  four  weeks,  and  at  night 
for  some  weeks  more  to  prevent  contraction  during  sleep.  Operation 
in  the  chronic  case  is  only  partially  successful. 

Dislocations  of  the  wrist  and  carpus.  Colles's  classical  descrip- 
tion a  century  ago  of  the  fracture  of  the  lower  end  of  the  radius  which 
goes  by  his  name,  definitely  put  an  end  to  the  confusion  between  this 
condition  and  dislocation  of  the  wrist. 

In  dislocation  of  the  wrist-joint  (radio-carpal  joint),  a  comparatively 
rare  injury,  the  displacement  is  below  the  radius,  and  the  styloid  process 
of  the  radius  is  in  its  normal  position  and  relationship  to  the  head  and 
styloid  process  of  the  ulna.  In  Colles's  fracture  the  displacement  is  half 
to  three-quarters  of  an  inch  above  the  wrist-joint,  and  even  if  there  is 
no  displacement,  tenderness  on  pressure  half  an  inch  above  the  wrist 
distinguishes  a  Colles's  fracture   from  any  other.     Definite  pain  on 
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pressure  localized  at  one  point  in  a  bone  which  is  either  a  common  site 
of  fracture  or  in  a  particular  case  a  suspected  site  of  fracture,  is  an 
almost  certain  proof  of  one,  and  should  be  regarded  as  such  till  an  X-ray 
photograph  proves  that  there  is  no  fracture,  and  then  it  is  certain  that 
the  localized  tenderness  is  due  to  bruising  of  the  periosteum  from  direct 
violence,  giving  rise  to  a  localized  inflammatory  periostitis. 

The  dislocation,  whether  backward,  forward,  or  lateral,  is  usually 
easy  to  reduce.  Fixation  for  purposes  of  resting  the  part  efficiently  is 
most  easily  secured  in  a  slightly  dorsiflexed  position.  Massage  may  be 
commenced  at  once;  if  all  pain  and  tenderness  have  disappeared  after  a 
week,  gentle  active  movements  may  be  allowed.  There  is  usually  no 
necessity  for  passive  movements,  and  as  a  matter  of  experience,  dis- 
abling adhesions  do  not  commonly  occur  in  a  wrist  fixed  in  dorsiflexion. 

Fracture  of  the  posterior  part  of  the  lower  end  of  the 

radiuSy  not  including  the  styloid  process  or  anterior  border  of  the  ar- 
ticular surface  (Barton's  fracture),  may  occur  as  a  complication  of  a 
posterior  dislocation. 
Diagnosis : 

1.  It  is  not  a  Colles's  fracture,  because  the  styloid  process  of  the 
radius  is  in  its  normal  position  with  respect  to  the  styloid  process  of 
the  ulna;  and  further,  on  running  a  finger  down  the  palmar  aspect 
of  the  radius  on  to  the  styloid,  the  point  of  tenderness  characteristic 
of  a  seat  of  fracture  is  not  found. 

2.  Such  a  point  of  tenderness  is  found  in  the  dorsum  of  the  radius, 
probably  with  crepitus. 

Treatment  is  the  same  as  for  Colles's  fracture. 

CoUes's  fracture.  Colles's  fracture,  in  its  typical  form,  is  one  in 
which  the  radius  breaks  about  three-quarters  of  an  inch  from  the  lower 
end ;  the  lower  fragment  being  displaced  backwards,  and  usually  rotated 
towards  the  ulnar  side,  producing  the  characteristic  dinner-fork  de- 
formity. It  is  produced  by  a  fall  upon  the  outstretched  and  pronated 
hand. 

The  fragments  may  engage  strongly  and  are  sometimes  impacted. 

The  posterior  displacement  and  rotation  puts  the  joint  out  of  true 
relation  to  the  normal  action  of  muscles;  further,  the  posterior  border 
has  several  grooves  through  which  tendons  run,  and  when  this  is  dis- 
placed backwards  it  acts  as  a  check  on  the  tendons  and  is  a  very  material 
factor  in  producing  functional  stiffness  of  the  wrist. 

It  is  therefore  desirable  that  the  displacement  should  be  fully  reduced, 
and  the  normal  lines  of  muscular  action  restored. 

Treatment.  Reduction.  The  traditional  method  of  reduction,  by 
taking  a  grip  of  the  hand  as  if  shaking  hands,  still  appears  in  text- 
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books.  It  is  quite  inefficient  in  any  stubborn  case,  for  it  is  mechanically 
impossible  to  try  to  replace  a  small  fragment  like  the  detached  lower 
end  of  the  radius  by  traction  and  manipulation  through  a  chain  of  small 
bones  like  the  metacarpus  and  carpus  through  their  ligaments. 

The  grip  the  author  uses  is  shown  in  the  figure  (Fig.  297).     To 
reduce  a  left  Colles's  fracture,  the  surgeon  takes  the  patient's  arm  in 


Fig.  297,    Cot-LEs's  Fbactube,  Manual  Reduction  of  Deformity. 

his  left  hand,  with  his  own  scaphoid  tubercle  against  the  projecting 
"lower  end  of  the  shaft;  he  then  places  his  right  hand  on  the  dorsum  of 
the  patient's  wrist  with  his  own  scaphoid  on  the  projecting  lower  frag- 
ment. A  firm  grip  with  a  slight  traction  and  twist  of  the  wrist  completely 
reduces  the  deformity.     It  requires  knack  rather  than  strength. 

The  anterior  aspect  of  the  radius  has  a  distinct  concavity  at  its 
lower  end,  and  the  inferior  anterior  margin  projects  considerably.  If 
this  curve  is  reproduced  reduction  is  complete. 

The  fragments  can  be  retained  in  position  by  slight  pressure  of  the 
finger  and  thumb,  one  on  the  upper  fragment  just  above  the  seat  of 
fracture,  and  the  other  on  the  dorsum  of  the  wrist-joint  and  styloid 
process  to  prevent  it  from  rotating  backwards  and  outwards. 

The  tendency  for  the  deformity  to  recur  is  not  great  if  the  reduction 
is  complete,  therefore  the  fracture  is  put  up  by  replacing  a  pad  of  wool 
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'AX  each  of  these  two  points,  and  retaining  the  pads  in  place  with  ~j:l:r.t5 
a-'ig.  2r,8j. 

The  splints  the  writer  uses  are  made  oi  thin  sheet  metaL  A  iligb: 
twist  is  put  on  these  to  make  them  wrap  spirally  rcund  the  limb,  keeping 
the  wrist  pronated  (  Fig.  296;. 

The  posterior  s flint  extends  from  the  external  condyle  of  the  humeni- 
to  about  the  middle  of  the  metacarpals,  and  runs  spirally  from  the  ulnar 
side  at  the  ellxjw  to  the  radial  side  below. 

The  anterior  sflinl  on  the  palmar  aspect  of  the  forearm  has  the  twist 
in  the  opposite  direction,  and  must  stop  short  of  the  thenar  eminence. 


Fic.  298.    CoLLEs's  Fkactobe,  Application  of  Pads  and  Splints. 

A  firm  band  of  strapping  holds  these  together  at  the  carpus,  keeping 
the  wool  pads  in  place;  another  at  the  upper  end  of  the  forearm  holds 
the  splints  on.  The  spiral  twist  of  the  posterior  splint  is  against  the 
direction  of  rotatory  deformity  (Fig.  299).  The  fingers  are  left  free: 
the  play  of  the  finger  tendons  over  the  seat  of  the  fracture  cannot  do 
any  harm  when  reduction  has  been  complete.  The  forearm  is  slung  at 
a  right  angle.    A  Colles's  fracture  properly  reduced  never  gives  trouble. 

After-treatment.  No  movement  which  can  strain  the  newly 
formed  callus  should  be  allowed  for  three  or  four  weeks.  It  is  not 
uncommon  for  patients  to  complain  of  stiffness  and  disability  for  weeks 
after  they  have  sustained  a  Colles's  fracture.  This  condition  occurs 
only  when  reduction  has  been  incomplete. 
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Mal-union  is  unfortunately  still  far  too  common.  The  usual  faults 
are  imperfect  reduction,  and  strain  of  the  newly  formed  callus  by  inju- 
dicious passive  movement  or  too  strenuous  use. 

It  is  true  that  in  a  well  reduced  case  the  patient  can  use  his  wrist 
at  the  end  of  the  fortnight,  but  there  is  a  penalty  attached  to  this,  for 
any  rough  movement  may  strain  the  callus,  when  the  whole  wrist  will 


Fig.  299.    CoLLES's  Fbactohe  put  up. 

become  stiff  and  painful.  If  the  mistake  is  made  of  trying  to  overcome 
this  by  rough  movement,  the  condition  will  probably  get  worse  instead 
of  better. 

The  author's  practice  is  to  keep  the  splints  on  for  three  weeks,  allow- 
ing light  use  of  the  fingers  as  soon  as  the  patient  likes.  After  that  the 
anterior  splint  should  be  retained,  while  the  patient  gradually  accustoms 
the  wrist  to  ordinary  work. 

Massage  is  most  effective  when  the  fracture  has  thoroughly  united. 

Mal-united  Colles's  fractures  of  many  weeks'  standing  can  be 
reduced  under  an  anaesthetic  by  manipulation,  or  by  a  Thomas  wrench 
(Figs.  300,301). 

Bennett's  stave  of  the  thumb  or  fracture  of  the  base  of  the  meta- 
carpal is  the  '  sprained '  thumb '  of  the  prize-fighter  of  former  days. 
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The  fracture  consists  of  an  oblique  split  of  the  base,  the  comer  next  the 
index-finger  being  broken  off. 

Diagnosis.  It  is  diagnosed  by  a  complaint  of  a  '  sprained '  thumb, 
which  on  examination  is  found  to  be  specially  tender  just  at  the  angle 
between  the  first  and  second  metacarpals,  with  irregularity  of  the  base 
of  the  first  metacarpal  and  perhaps  crepitus.  The  diagnosis  is  com- 
pleted by  a  radiograph.  The  disability  which  follows  is  impaired 
mobility,  especially  difficulty  in  abducting  and  adducting  the  thumb. 


Fig.  300.    Thomas's  Wrench. 

The  best  position  for  treatment  is  with  the  thumb  held  in  the  posi- 
tion occupied  when  holding  a  glass  of  water. 

A  shoehorn-shaped  gutter-splint  of  thin  sheet  metal  with  two  strips 
of  strapping,  one  at  the  wrist  and  one  at  the  interphalangeal  joint  of 
the  thumb,  suffices  to  fix  it. 

Impacted  fracture  of  the  base  of  the  first  metacarpal,  with  the  shaft 
driven  straight  down  into  the  base,  also  occurs.  It  may  be  firmly  ban- 
daged, and  left  to  repair  in  situ;  there  is  distinct  shortening  of  the 
thumb  if  this  is  done.  The  functional  result  is  satisfactory  after  a  suf- 
ficient period  of  rest  to  let  repair  be  complete  before  putting  any  strain 
on  the  thumb. 

Dislocation  of  the  first  metacarpal  at  its  base  is  usually  displace- 
ment of  the  metacarpal  on  the  carpus  outward  and  backward. 

Diagnosis  and  reduction  present  no  special  difficulty,  but  retention 
of  the  bones  in  position  is  more  difficult  unless  a  suitable  splint  is  used. 

A  gutter-splint,  applied  along  the  dorsum  and  outer  side  of  the 
thumb,  will  meet  the  case. 

Retention  should  be  continued  for  three  weeks,  for  the  action  of  the 
flexor  muscles  tends  to  lever  the  base  out  of  position  again. 

Dislocation    of   the   metacarpo-phalangeal    joint  of  the 

thumb.     The  typical  dislocation  is  displacement  of  the  phalanx  back- 
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wards  on  the  head  of  the  first  metacarpal.  The  injury  is  caused  by 
hyperextension  of  the  thumb,  and  is  associated  with  tearing  of  the 
anterior  part  of  the  capsule.  According  to  the  classical  description 
there  are  two  degrees  of  dislocation.  In  the  first  degree  the  phalanx 
remains  balanced  on  the  dorsum  of  the  head  of  the  metacarpal,  the  two 
bones  being  at  a  right  angle  to  each  other.  The  second  degree  is  pro- 
duced by  an  attempt  to  reduce  by  traction  where  the  anterior  lip  of  the 


Fig.  301.    CoLLEs's  Fracture,  Thomas's  Wrench  Applied. 

base  of  the  phalanx  slips  back  over  the  head  and  the  two  bones 
overlap. 

Undue  prominence  has  been  given  in  books  to  the  difficulties  caused 
by  entanglement  of  the  head  of  the  metacarpal  between  the  flexors  of 
the  thumb. 

Recent  cases  can  usually  be  reduced  in  the  first  instance.  Some 
unreduced  cases  can  only  be  reduced  by  open  operation. 

Treatment.  Reduction  is  effected  by  hyper-extending  the  thumb 
and  pushing  and  levering  the  phalanx  base  first  over  the  head  of  the 
metacarpal.    Traction  is  absolutely  useless. 

The  joint  is  placed  in  the  shoehorn-shaped  splint  already  described, 
and  with  ordinary  care  there  is  little  tendency  to  recurrence. 
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Old  unreduced  cases  often  require  operation.  The  writer  uses  a 
lever,  which  is  introduced  from  the  dorsal  aspect  under  the  phalanx  and 
over  the  metacarpal,  and  in  this  way  the  metacarpal  head  is  brought 
into  position. 


CHAPTER  VII 
INJURIES  TO  THE  SPINAL  COLUMN 

It  is  impossible  to  deal  fully  with  the  large  subject  of  injuries  to  the 
spinal  column  here.  It  must  suffice  to  give  some  general  advice  on  diag- 
nosis and  treatment. 

The  vertebrae  articulate  in  three  ways :  by  their  bodies,  by  their  articu- 
lar processes,  and  by  the  ligaments  connecting  the  spines  and  the  trans- 
verse processes  of  adjacent  vertebrae,  and  are  further  intimately  bound 
together  by  a  very  complicated  series  of  spinal  muscles. 

In  making  a  diagnosis  of  an  injury  of  the  back  it  is  desirable  to 
examine  the  patient  as  soon  as  possible  before  complications  arise  to  mask 
the  symptoms. 

The  surgeon  must  endeavour  to  apply  the  principles  already  laid 
down  for  guidance  in  diagnosing  injuries  of  other  less  complicated  joints. 

Setting  aside  the  question  of  injuries  of  the  spinal  cord,  graver 
injuries  of  the  vertebrae  correspond  to  essential  injuries  of  joints,  and 
movement  will  be  restricted  in  every  direction  by  the  guarding  action  of 
muscles.  It  must  be  remembered  that  fracture  right  across  the  body  of 
a  vertebra  frequently  occurs  in  the  lumbar,  and  sometimes  even  in  the 
cervical  region,  without  displacement  of  the  fragments  and  without  com- 
pression or  injury  of  the  spinal  cord.  In  such  cases  the  absence  of 
paralytic  symptoms  may  lead  the  surgeon  to  overlook  the  gravity  of 
the  case. 

Such  injuries  are  produced  by  heavy  falls  and  blows.  If  the  patient 
is  able  to  sit  or  stand,  which  is  rarely  the  case,  the  weight  of  the  trunk 
on  the  injured  vertebrae  causes  a  dull  aching  pain,  which  becomes  acute 
on  any  attempt  at  moving.  Examination  will  show  that  forward  flexion, 
lateral  flexion,  and  backward  flexion  are  all  guarded,  the  injured  region 
of  the  back  being  held  rigid  by  the  muscles  in  every  movement. 

On  the  other  hand,  if  the  injury  is  merely  bruising  or  strain  of  the 
muscles  of  the  back,  the  patient  will  resent  forward  flexion  because  it 
puts  tension  on  injured  muscles  and  ligaments,  while  if  the  surgeon 
places  his  hand  on  the  back  and  asks  the  patient  to  lean  back  over  it, 
passively,  not  actively,  he  will  flex  backwards  with  comparative  freedom. 

This  backward  flexion  is  purely  passive.  If,  however,  the  patient 
lies  down  and  is  asked  to  arch  his  back,  he  cannot  do  it  without  pain,  for 
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he  is  actively  using  the  injured  muscles.  It  is  very  important  to  dis- 
tinguish clearly  between  flexions  which  are  passive  and  those  which  are 
active. 

Similarly,  when  the  injury  to  muscles  or  ligaments  is  unilateral,  one 
side  flexion  may  hurt  and  not  the  other,  thus  enabling  an  approximate 
diagnosis  to  be  made. 

The  position  of  rest  for  spinal  cases.  Should  deformity  follow 
an  injury  of  the  spinal  column,  it  is  always  angular  flexion  (kyphosis) 
with  or  without  lateral  curvature  (scoliosis). 

The  weight  of  the  head  and  shoulders  helps  to  produce  the  deformity, 
and  once  produced  tends  to  aggravate  it.  It  may  be  laid  down  as  a  rule 
that  a  bowed  back  is  mechanically  weak. 

All  grave  and  doubtful  injuries  of  the  spinal  column  should  therefore 
be  put  at  rest  in  a  slightly  dorsiflexed  position.  A  double  Thomas  frame 
with  a  head-piece  secures  this  and  gives  complete  control;  the  patient 
can  be  carried  about  on  it  and  easily  nursed  with  a  minimum  of 
disturbance. 

Localization  by  tenderness.  The  great  groups  of  muscles  of 
the  back  lie  on  either  side  of  the  vertebral  spines.  Therefore,  when  a 
muscle  is  strained  or  torn,  by  forcible  flexion  or  by  an  effort  of  lifting* 
or  by  a  direct  blow,  tenderness  will  be  found  to  one  side  or  other,  not  in 
the  middle  line.  Tenderness  on  percussion  or  pressure  in  the  middle 
line  on  a  vertebral  spine  is  indicative  rather  of  injury  to  the  spinous 
processes. 

Crepitus  and  mobility  and  pain  near  the  surface  on  manipulating  a 
spinous  process  is  a  positive  sign  of  a  fracture  of  the  spinous  process. 

In  cases  of  injury  of  a  vertebral  body  or  intervertebral  disc,  it  is 
rarely  possible  to  obtain  definitely  localized  tenderness  by  pressure  on  a 
spinous  process. 

The  diagnosis  of  stiff  backs,  due  to  adhesions  and  those  due  to  graver 
lesions,  will  be  given  below.  All  doubtful  cases,  cases  which  for  the 
moment  do  not  allow  of  accurate  diagnosis,  and  cases  associated  with 
injuries  of  limbs,  can  be  treated  on  the  Thomas  frame  with  head-piece, 
in  the  first  instance,  with  perfect  safety. 

FRACTURES 

Cervical  vertebrae. 

1.  Fractures  of  the  spines  are  rare;  the  spines  are  short  and  deeply 
embedded  in  muscles. 

2.  Fractures  of  the  body  and  dislocations  of  the  cervical  vertebrae 
are  not  uncommon,  but  are  so  often  fatal  that  cases  which  come  under 
active  treatment  are  comparatively  rare. 


INJURIES  TO  THE  SPINAL  COLUMN  793 

The  cases  which  survive  are  those  of  partial  dislocation  and  fracture 
of  the  body  with  only  a  partial  slip  of  one  fragment. 

(a)  Dislocation  of  the  atlas  forwards  on  the  axis  is  sometimes  not 
fatal,  particularly  if  it  is  associated  with  a  fracture  of  the  axis  allowing 
the  odontoid  process  to  go  forward  with  the  anterior  arch  of  the  atlas. 

Diagnosis.  The  chin  is  depressed  on  the  neck  and  the  spine  of  the 
axis  is  felt  as  a  prominence  behind.  In  the  normal  neck  it  is  too  deeply 
situated  among  the  muscles  to  be  easily  felt.  The  only  cervical  spine 
which  can  normally  be  felt  is  that  of  the  seventh  vertebra. 

Treatment.  An  anaesthetic  should  be  given;  the  surgeon  draws 
the  patient's  head  up  over  the  end  of  the  table,  and  extends  and  hyper- 
extends  gently  to  reduce  the  displacement.  The  hyperextension  should 
be  maintained  after  reduction. 

Fixation  of  neck  injuries.  A  most  efficient  emergency  splint 
can  be  made  out  of  a  newspaper  and  a  triangular  bandage. 

The  whole  newspaper  should  be  folded  and  refolded;  its  length  when 
folded  should  be  just  long  enough  nearly  to  encircle  the  neck. 

The  middle  should  be  as  wide  as  the  distance  from  the  top  of  the 
sternum  to  the  chin,  with  the  head  held  up. 

The  ends  should  taper  a  little  to  fit  under  the  occiput.  This  is  rolled 
up  in  the  triangular  bandage ;  when  put  round  the  neck  the  ends  of  the 
bandage  cross  behind  and  are  brought  round  and  tied  in  front. 

The  top  of  the  collar  supports  the  jaw  and  the  tips  of  the  mastoid 
processes,  and  is  a  great  comfort  to  the  patient  in  all  cases  of  injury  to 
the  cervical  spine  or  its  musculature. 

(&)  Partial  dislocation  and  fracture  of  the  body  also  occurs  com- 
monly by  a  fall  from  a  horse.  The  third  and  fourth  cervical  vertebrae 
are  usually  injured. 

Sometimes  only  one  side  of  the  upper  vertebrae  or  fragment  is  dis- 
placed forwards. 

Diagnosis.  The  patient  holds  his  head  rigidly  in  a  flexed  and 
wry-necked  position,  but  accurate  diagnosis  cannot  be  made  without  the 
aid  of  radiography. 

Treatment.  Reduction  should  be  attempted  under  an  anaesthetic 
as  above,  the  traction  being  accompanied  by  lateral  flexion  to  disengage 
the  displaced  side  of  the  vertebrae. 

Fixation  after  reduction.  In  dislocation  and  fractures  of  the 
bodies  of  the  vertebrae  the  spinal  cord  is  usually  injured  against  the  upper 
edge  of  the  body  of  the  vertebra  below  the  displacement,  therefore  flexion 
of  the  neck  must  be  studiously  avoided,  both  in  manipulation  and  in 
after-treatment.  When  reduction  has  been  effected,  the  head  and  neck 
must  be  fixed  at  once  in  hyperextension.     The  most  efficient  means  is 
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plaster  of  Paris  fitting  close  up  to  the  jaw  and  mastoid  processes  and 
including  the  upper  part  of  the  trunk. 

It  is  difficult  to  say  what  should  be  done  in  the  field.  To  remove  a 
patient  with  a  broken  neck  may  destroy  his  only  chance  of  recover}-. 
If  the  muscles  are  relaxed  it  would  be  sound  practice  to  hyperextend  and 
reduce  at  once,  slipping  A  folded  coat  under  the  shoulders  and  back  of 
the  neck.  To  prevent  sudden  flexion  of  the  neck  in  a  jolting  ambulance, 
a  collar  should  be  improvised  to  hold  the  jaw  up.  The  newspaper  collar 
described  above  should  be  taken  as  a  pattern,  a  broad  strip  of  bark,  leather 
cut  from  a  saddle,  or  any  other  available  material  being  used  for  stiffen- 
ing, and  the  sides  of  the  head  should  be  steadied  on  the  stretcher  with 
sand-bags. 

Dorsal  region.  The  dorsal  region  of  the  vertebral  column  is  so 
well  buttressed  by  the  ribs  that  fracture  of  the  bodies  is  practically 
unknown,  except  in  severe  crushing  injuries,  which  are  usually  fatal 
from  rupture  of  internal  organs. 

Fractures  of  the  spines  of  the  vertebrae,  however,  are  here  compara- 
tively common.  They  are  not  important,  apart  from  the  rare  occurrence 
of  fragments  being  driven  in  and  pressing  on  the  cord  (vide  infra). 

The  lumbar  region.  In  the  lumbar  region,  as  in  the  neck,  heav>' 
falls  with  the  body  curled  up  are  liable  to  produce  fractures  of  the 
bodies  of  the  vertebra.  Owing  to  the  interlocking  between  the  articular 
processes  dislocation  without  fracture  is  almost  impossible ;  but  by  reason 
of  the  great  strength  of  the  anterior  and  posterior  common  ligaments, 
and  the  strong  psoas  and  erector  spinas  muscles  supporting  the  vertebrae, 
fracture  frequently  takes  place  without  serious  displacement. 

Further,  as  the  spinal  canal  only  contains  the  cauda  equina  and  not 
spinal  cord,  it  naturally  follows  that  cases  of  fracture  of  the  vertebral 
bodies  which  survive  to  receive  surgical  treatment  are  relatively  common. 

The  injury  is  often  overlooked,  for  it  is  often  accompanied  by  other 
injuries  and  so  the  graver  spinal  lesion  escapes  immediate  notice.  If 
the  diagnosis  is  missed  and  the  patient  allowed  up  at  the  end  of  three  or 
four  weeks,  the  continuance  and  increase  of  pain  in  the  back  with  the 
loss  of  the  natural  lumbar  lordosis,  and  the  appearance  of  a  slight  lumbar 
kyphosis,  should  rouse  suspicion,  and  the  patient  should  be  immediately 
put  on  his  back  on  a  Thomas  frame  well  arched  to  restore  the  lumbar 
curve  before  the  fracture  is  too  firmly  set. 

Duration  of  treatment.  So  far  as  the  bone  lesion  is  concerned, 
cervical  fractures,  if  promptly  treated,  should  be  firmly  united  in  a 
month,  and  if  there  is  no  paralysis  there  is  no  reason  why  the  patient 
should  not  go  about  with  the  head  supported. 

Mid-dorsal  lesions  require  more  time,  as  they  have  to  bear  more  body 
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weight,  but  the  spinal  support  carries  the  shoulders  on  the  pelvis  suffi- 
ciently well  for  the  patient  to  get  about  fairly  early.  • 

In  the  case  of  lower  dorsal  and  lumbar  regions  it  is  practically 
impossible  to  carry  the  weight  of  the  head  and  shoulders  from  the  pelvis 
without  letting  some  strain  fall  on  the  seat  of  fracture,  and  strafin  means 
deformity  afterwards.  Therefore  these  cases  must  be  kept  recumbent 
for  at  least  ten  weeks  before  any  liberty  of  movement  is  allowed  them. 

Poroplastic  supports  are  unsatisfactory  in  children,  and  quite  ineffi- 
cient in  adults. 

STIFF  BACK  FOLLOWING  INJURIES 

In  patients  who  have  recovered  from  the  immediate  effects  of  an 
injury  to  the  back,  the  diagnosis  of  the  cause  and  the  subsequent  treat- 
ment adopted  depend  on  being  able  to  differentiate  between  various 
lesions.    They  fall  under  three  types : 

1.  Stiffness  due  to  adhesions  among  the  muscles  of  the  back,  due  to 
cicatrization  following  tears  and  strains  of  muscles. 

2.  Stiffness,  pain,  and  local  deformity  due  to  a  fracture  of  vertebrae 
which  has  been  overlooked. 

3.  Stiffness  due  to  an  osteo-arthritis  of  many  of  the  joints  of  the 
vertebral  column. 

I.  Cicatricial  adhesions  among  muscles.  The  patient  is  able 
to  go  about,  but  generally  complains  that  he  cannot  stoop,  or  when  he 
has  stooped  can  only  get  up  again  with  difficulty  and  some  pain. 

On  examining  the  back,  the  spinal  column  is  rigid  to  forward  flexion, 
but  the  patient  can  bend  back  passively  over  the  surgeon's  hand  to  a  much 
greater  extent,  while  lateral  flexion  may  be  fairly  free.  Some  localized 
points  of  tenderness  may  be  discovered  among  the  muscles,  not  in  the 
middle  line. 

The  X-ray  photograph  should  exclude  a  gross  lesion  of  the  vertebrae. 
The  bones  will  be  found  clear  in  outline  but  rather  thin  in  texture  from 
disuse  atrophy. 

Treatment.  The  adhesions  should  be  thoroughly  broken  down, 
and  the  patient  exercised  afterwards.  To  break  down  adhesions  in  the 
back  the  patient  should  be  anaesthetized,  the  thighs  fully  flexed  on  the 
trunk  with  the  knees  extended  to  stretch  the  hamstrings  and  buttock 
muscles,  then  the  movement  should  be  continued,  rolling  up  the  trunk 
very  much  as  a  hedgehog  rolls  up. 

Half-hearted  attempts  only  lead  to  recurrence;  thorough  manipulation 
is  followed  by  most  gratifying  recovery.  Next  day  the  patient  is  made 
to  touch  his  toes  with  his  hands,  and  is  exercised  and  massaged,  and  the 
adhesions  not  allowed  to  recur. 
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2.  Fracture  of  a  vertebra  which  has  been  masked  by  other  in- 
juries soon  makes  itself  apparent  if  the  patient  is  allowed  up  four  or  five 
weeks  after  the  injury.  He  will  definitely  complain  of  increasing  pain 
and  stiflFness,  and  the  tenderness  becomes  localized.  A  section  of  the 
spinal  column  is  found  to  be  rigid  in  every  direction,  for  some  two  or 
three  vertebrae  above  and  below  the  point  of  maximum  tenderness.  A 
kyphosis  is  sometimes  found  in  the  suspected  region.  Treatment  is  that 
for  fractured  vertebrae. 

3.  Traumatic  spondylitis  is  an  osteo-arthritis  with  rarefaction  of 
the  bone,  due  to  opening  out  of  the  Haversian  spaces  to  allow  of  increased 
vascularity,  and  corresponds  to  the  changes  which  occur  in  a  contused 
shoulder- joint  when  the  articular  cartilage  is  injured  and  must  be  vascu- 
larized before  it  can  be  repaired. 

Diagnosis.  The  back  is  stiff  and  painful.  There  is  a  long  slight 
kyphotic  bowing,  which  is  quite  diflferent  from  the  sharp  angular  kyphos 
of  collapse  of  the  body  of  a  vertebra  found  in  tuberculous  spondylitis, 
or  the  sharp  localized  kyphos  due  to  fracture.  The  lesion  here  is  prob- 
ably a  bruising  of  intervertebral  disks  and  articular  cartilages  by  a  heav}' 
fall  which  has  forced  the  vertebrae  against  each  other.  The  general  ten- 
derness and  signs  of  rarefaction  are  due  to  the  increased  vascularization 
incidental  to  repair  of  fibro-cartilage.  Whether  this  explanation  is 
strictly  applicable  to  any  particular  case  does  not  matter :  it  suggests  the 
nature  of  the  histological  changes  and  provides  a  guide  to  the  line  of 
treatment  in  this  type  of  stiflF  back. 

The  X-ray  photograph  shows  the  bone  less  dense  than  normal,  but 
the  outlines  at  the  edges  of  the  vertebrae  and  about  the  articular  processes 
are  hazy,  not  sharply  outlined — evidence  of  the  general  osteo-arthritis, 
and  is  very  similar  to  that  which  occurs  in  rheumatoid  osteo-arthritis  of 
septic  origin,  only  in  this  case  it  is  definitely  associated  with  an  injury. 

Treatment.  Rest  on  a  proper  spinal  support,  to  allow  all  repair 
to  be  completed  before  the  tender  vertebrae  are  required  to  carry  any 
weight,  is  all  that  is  required.  The  patient  next  gets  up  in  a  spinal  support 
which  steadies  the  spine  while  it  learns  to  carry  weight.  The  support  is 
next  removed  for  massage,  and  full  recovery  may  take  place  if  care  be 
taken  and  hurry  avoided. 

Paralyses  associated  with  injuries  of  the  spinal  column. 

The  spinal  cord  may  suffer  injury  in  connexion  with  injuries  of  the 
spinal  column. 

I.  Haemorrhages  may  occur  in  and  about  the  cord  as  the  result  of 
violent  flexions  even  when  there  is  no  fracture  or  dislocation.  If  the 
haemorrhage  is  in  the  cord  there  may  be  disturbances  of  sensations  to 
heat  and  cold  as  in  syringo-myelia.    Haemorrhages  about  the  cord  cause 
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paralysis  by  pressure  (both  motor  and  sensory,  more  or  less  complete) ; 
the  paralysis  tends  to  pass  off  as  the  blood-clot  is  absorbed.  In  these  as 
in  other  partial  lesions  the  later  stages  of  paralysis  tend  to  be  spastic  in 
type,  due  to  pyramidal  track  interference.  These  can  usually  be  treated 
by  massage  and  assiduous  education  in  voluntary  movement. 

2.  In  fracture  of  the  body,  as  in  dislocations,  the  upper  part  tends  to 
slip  forward  over  the  lower  and  the  cord  is  nipped  against  the  posterior 
and  upper  border  of  the  vertebra  below  the  displacement. 

When  partial  injury  of  the  cord  occurs,  motor  palsy  is  generally  more 
marked  than  sensory,  and  the  result  is  a  spastic  paralysis  with  flexion 
deformities  of  the  lower  limbs,  as  in  spastic  paraplegia.  The  prognosis 
is  not  as  good  as  in  cases  of  mere  interception  by  pressure  of  blood-clot, 
for  some  of  the  nerve  tracks  may  be  torn  and  permanently  interrupted. 

3.  Total  severance  of  the  cord  means  complete  immediate  motor 
palsy  of  the  flaccid  type  with  complete  sensory  paralysis  below  the  lesion 
and  a  hyperaesthetic  girdle  above  it.  In  the  cervical  region  this  is  fatal ; 
in  lower  regions  it  may  not  immediately  endanger  life,  but  there  are  the 
usual  risks  of  bladder  infection  and  atony. 

There  is  not  space  here  to  go  into  detail  regarding  the  segmental 
supply  of  the  body  and  accurate  localization,  but  merely  to  indicate  broad 
lines  of  distinction. 

Gunshot  injuries.  In  gunshot  injuries  the  bullet  or  splinters  of 
the  hard  bone  of  the  neural  arches  may  lodge  in  the  cord  or  press  against 
it.  The  associated  palsy  helps  to  localize  the  offending  bullet  or  fragment 
of  bone.  Signs  of  direct  pressure  on  the  cord  call  for  operation  to 
remove  the  bullet  or  splinter  of  bone.  Sepsis  about  the  track  of  a  wound 
with  a  bullet  lodged  near  the  canal,  is  an  indication  for  operation  to 
remove  the  bullet  and  drain  and  disinfect  the  wound. 

The  wound  should  not  be  probed  merely  to  find  out  where  the  bullet 
is :  it  involves  a  risk  of  introducing  sepsis,  and  is  of  much  less  value  than 
an  X-ray  photograph. 

The  use  of  a  probe  as  a  guide  when  operating  is  quite  a  different 
thing,  for  then  the  wound  is  to  be  opened  up  and  drained.  The  bodies 
of  vertebrae  are  generally  perforated  by  bullets  without  much  splintering; 
it  is  the  hard  bone  of  the  various  processes  which  splinters  on  injury. 


CHAPTER  VIII 
JOINTS  OF  THE  LOWER  LIMB 

THE  HIP- JOINT 

The  integrity  of  the  hip-joint  depends  on  the  deep  ball-and-socket 
arrangement  of  the  head  of  the  femur  and  the  acetabulum,  and  on 
muscular  action  more  than  on  ligaments.  The  only  ligament  of  any 
importance  is  the  ilio- femoral,  the  so-called  *  Y-shaped  ligament  of 
Bigelow  \ 

The  landmarks  of  the  joint  are : 

1.  The  head  of  the  femur,  which  can  be  felt  in  the  groin  with  the 
femoral  artery  pulsating  in  front  of  it,  below  the  middle  of  Poupart's 
ligament. 

2.  The  great  trochanter. 

3.  The  anterior  superior  spine  of  the  ilium. 

4.  The  tuberosity  of  the  ischium. 

Nelaton's  line  is  drawn  from  the  tuberosity  of  the  ischium  to  the 
anterior  superior  spine.  It  is  most  easily  demonstrated  by  fixing  an 
end  of  a  tape  on  the  tuberosity  with  the  finger,  then  bringing  the  tape 
across  the  outer  side  of  the  limb  to  the  anterior  superior  spine,  with  a 
free  sweep  of  the  hand.  The  top  of  the  great  trochanter  just  touches 
this  line  in  the  normal  limb. 

Another  simple  method  is  that  suggested  by  Bryant.  It  consists  of 
dropping  a  metal  tape  from  the  anterior  superior  spine  to  the  table  upon 
which  the  patient  rests.  The  distance  from  the  great  trochanter  to  this 
vertical  line  is  contrasted  with  that  on  the  normal  side.  No  matter  how 
experienced  the  surgeon  may  be,  he  should  never  fail  to  take  precise 
measurements  in  all  injuries  about  the  hip-joint. 

Strains  of  muscles  or  bursitis  about  the  insertion  of  the  psoas  muscle, 
or  the  great  trochanter,  ought  to  be  diagnosed  by  the  methods  of  elimi- 
nation described  in  the  introductory  chapter. 

If  all  movements  of  the  joint,  including  rotation,  are  limited  there  is 
an  inflammatory  condition  present,  or  some  serious  lesion.  If  some  move- 
ments are  free  but  others  limited,  the  obstruction  is  probably  mechanical 
or  due  to  injury  of  some  structure  outside  the  joint. 

Dislocation  of  the  hip.     The  head  of  the  femur  almost  invariably 
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leaves  the  acetabulum  and  tears  through  the  capsule  at  the  lower  part 
of  the  joint  in  this  condition.  Rotation  of  the  femur  plays  a  prominent 
part  in  twisting  the  head  out  of  the  joint. 

The  Y-shaped  ligament  of  Bigelow  generally  remains  intact  and 
provides  a  fulcrum  which  helps  in  the  process  of  dislocation,  and  is 
utilized  in  the  process  of  reduction.  The  dislocation  is  backward  or 
forward  according  to  the  direction  of  the  thrust  along  the  femur  at  the 
moment  of  dislocation.  Backward  dislocation  is  much  the  more  common 
form. 

Posterior  dislocation.  This  dislocation  seems  generally  to  be 
produced  with  the  thigh  adducted,  rotated  inwards,  and  flexed,  the 
patient  being  in  a  stooping  position.  Generally  something  heavy  falls 
on  the  patient's  back,  or  he  is  carrying  a  heavy  object  on  his  shoulder 
and  makes  a  false  step. 

With  the  thigh  rotated  inwards  the  head  is  twisted  out  of  the  Tower 
and  back  part  of  the  joint,  and  then  the  thrust  in  the  line  of  the  femur 
makes  it  travel  round  the  back  of  the  acetabulum  to  some  posterior 
position. 

Diagnosis. 

1.  The  limb  is  rotated  inwards,  and  slightly  adducted  and  flexed,  so 
that  the  foot  rests  on  the  dorsum  of  the  other  foot. 

2.  On  pressing  a  finger  in  the  groin  the  resistance  of  the  rounded 
head  of  the  femur  is  absent. 

3.  The  head  is  felt  as  an  abnormal  prominence  behind,  and  moves 
with  the  trochanter  when  the  limb  is  moved. 

4.  Mobility  is  markedly  lessened. 

5.  By  measurement  from  anterior  superior  spine  to  internal  mal- 
leolus the  limb  is  shorter  than  its  fellow  and  the  trochanter  is  above 
Nelaton's  line. 

Treatment.  Methods  of  reduction  have  passed  through  various 
stages;  the  ancient  method  of  reduction  by  forcible  direct  traction  was 
displaced  by  Bigelow's  circumduction  method,  which  recognized  the 
value  of  the  Y-shaped  ilio- femoral  ligament  as  a  fulcrum  for  levering 
the  head  into  the  acetabulum. 

Modern  methods  eliminate  the  unnecessary  parts  of  Bigelow's  sweep- 
ing movement.  Bigelozv's  method:  The  patient  is  placed  on  his  back, 
while  the  surgeon  by  a  sweeping  adduction  flexion  and  internal  rotatory 
movement  of  the  thigh  makes  the  head  travel  down  the  back  of  the 
acetabulum  to  the  point  at  which  it  left  it.  Next  by  a  slight  lift  and 
abduction  the  Y-shaped  ligament  is  tightened  and  the  head  levered  into 
position  as  the  thigh  is  extended.  If  skilfully  done  in  one  continuous 
movement,  it  is  a  very  eflfective  manoeuvre. 
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The  objections  are  that  the  sweeping  movement  may  cause  unneces- 
sary injury  of  soft  parts,  and  if  the  head  is  not  lifted  over  the  edge  of 
the  acetabulum,  it  may  travel  forwards  into  the  position  of  anterior 
dislocation,  doing  still  more  injury  to  soft  parts. 

The  modern  method  of  reduction  depends  on  bringing  the"  head  down 
to  the  lower  and  back  part  of  the  acetabulum  and  lifting  it  over  the  edge, 
and  consists  in  gently  reversing  the  mechanism  by  which  the  displace- 
ment was  produced. 

While  the  patient  lies  on  his  back, 

1.  Flex  the  thigh;  this  brings  the  head  down  near  the  point  of  exit. 

2.  Lift,  as  if  trying  to  lift  the  patient;  if  any  obstruction  is  experi- 
enced, rotate  inwards  and  lift  again.  If  still  obstructed,  rotate  outwards 
and  lift. 

The  dislocation  may  usually  be  reduced  by  this  method,  but  some- 
times the  surgeon  feels  that  the  head  comes  up  to  the  edge  of  the  aceta- 
bulum, but  fails  to  slip  over;  if  so,  he  should  gently  extend  as  well  as 
lift  the  limb,  when  the  reduction  will  take  place.  To  do  this,  it  may  be 
necessary  to  strap  the  pelvis  to  the  table  by  a  couple  of  groin  straps, 
or  the  patient  may  be  laid  on  the  floor  while  the  surgeon  places  his 
unbooted  foot  on  the  perineum  to  steady  the  pelvis  while  he  lifts.  After 
a  week  in  bed  the  patient  should  be  allowed  to  go  about  with  a  plaster- 
of -Paris  spica  bandage  round  the  hip,  which  includes  both  pelvis  and 
thigh. 

Anterior  dislocation.  The  mechanism  is  not  so  distinct,  but  ap- 
parently it  generally  occurs  in  abduction;  the  great  trochanter  engages 
on  the  top  of  the  acetabulum  and  thus  tends  to  lever  the  head  out  through 
the  lower  part  of  the  capsule.  Outward  rotation  of  the  thigh  twists 
the  head  of  the  femur  forward  and  sets  it  travelling  round  the  front  of 
the  acetabulum  into  some  anterior  position* 

Diagnosis.  The  limb  is  rotated  outwards  and  usually  a  little  ab- 
ducted; the  head  is  prominent  in  the  groin  and  is  internal  to  its  proper 
position,  which  is  behind  the  artery  and  below  the  middle  of  Poupart's 
ligament. 

Treatment.  Reduction:  slight  flexion  and  pronounced  abduction 
with  traction  of  the  limb  bring  the  head  down  towards  the  point  of  its 
exit.  An  assistant  now  places  his  hand  on  the  head  in  the  groin  and 
presses  it  outwards  and  backwards. 

Adduction  now  makes  the  assistant's  hands  a  fulcrum  and  levers  the 
head  into  position.  This  manoeuvre  was  suggested  by  AUis,  and  is  most 
effective. 

The  more  usual  routine  is  a  modification  of  the  circumduction  method. 
It  consists  of  flexing  the  thigh  to  a  little  short  of  a  right  angle,  and  both 
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lifting  and  rotating  it.  Flexion  brings  the  head  down  round  the  outside 
of  the  acetabulum  into  position  near  the  rent  in  the  capsule.  Rotation, 
sometimes  outwards,  sometimes  inwards,  with  a  little  lift  will  usually 
guide  the  head  over  the  edge  of  the  acetabulum. 

Rotatory  movements  are  particularly  useful  in  clearing  the  head  of 
any  entanglement  in  muscles,  nerves,  or  the  capsule. 

The  free  circumduction  movements  of  Bigelow  sometimes  led  to  the 
head  hooking  itself  in  some  band  of  muscle  or  even  in  injuring  the  sciatic 
nerve.    If  the  manipulation  is  rough  or  prolonged, 
the  danger  to  the  sciatic  nerve  is  a  real  one,  there- 
fore all  manipulation  must  be  gentle. 

Where  the  head  has  travelled  far  from  the 
acetabulum,  gentle  traction  on  the  limb  is  of  course 
first  necessary  to  bring  the  head  down  towards  the 
acetabulum  before  the  manipulation  is  practised. 

The  very  rare  injuries  such  as  central  luxation, 
where  the  head  is  driven  through  the  acetabulum 
into  the  pelvis,  or  anterior  dislocations,  where  the 
head  travels  up  over  the  ilium  and  pubic  ramus  into 
the  abdomen  are  very  serious  and  fortunately  very 
rare  injuries,  for  which  no  routine  manipulation 
can  be  described. 

Fractures  about  the  neck  of  the  femur.  The 
deformity  or  mal-union  which  is  likely  to  oc- 
cur in  all  injuries  of  the  bone  above  the  small 
trochanter  is  determined  to  a  large  extent  by  the 
shape  of  the  bone  and  the  direction  of  traction  of 
muscles  crossing  the  hip-joint. 

With  the  body  standing  in  the  erect  position  the 
axis  of  the  neck  of  the  femur  is  inwards,  upwards, 
and  forwards,  while  the  shaft  sweeps  in  a  curve 
downwards  and  slightly  inwards  to  the  knee. 

In  the  standing  position,  with  the  feet  a  couple 
of  inches  apart,  a  vertical  line  from  the  middle  of     ,jf  the  femur. 
the  head  of  the  femur  passes  down  nearly  through 
the  middle  of  the  knee-joint  and  then  through  the  middle  of  the  ankle- 
joint. 

A  glance  at  the  diagram  shows  that  in  the  case  of  a  lesion  about  the 
neck  of  the  femur,  the  tendency  of  muscular  contraction  will  be  to  cause 
diminution  of  the  natural  angle  of  the  neck  and  shaft  (i.e.  a  coxa-varoid 
deformity),  while  the  adductor  muscles  tend  to  adduct  the  shaft  of  the 
femur  (Fig.  302). 


Fig.  302.  Diagram 
showing  how  in  ab- 
duction the  line  of 
action  of  the  psoas 
and  adductors  is 
mally  in  the  lin 
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Experience  has  -hown  that  the  most  effective  way  of  di^rmin^  thi: 
oMi'Iue  acti'^n  of  the  muscles  is  to  apply  extension  in  the  abduaeii 
pfjsition. 

The  author's  experience  is  that  weight  and  pulle>'  extension  is  who"_v 

inefficient  as  a  means  of  fLxing  fractures,  because  e\'erA'  time  the  patient 

moves  his  IkxIv  in  bed  he  ahers  the  tension  on  the  muscles  crossing  the 

site  of  fracture,  and  this  immediately  excites  a  reflex  contraction  which 

means  di:^turl»nce  of  the  fracture  and  starting  pains.     The  nniscle^ 

therefore  never  come  to  rest. 

-  '       Fixed  exteosion,  with  counter 

^^^  F  '•       extension  from  the  tuber  ischii 

;'  of  the  same  or  the  opposite  side 

as  shown  in  the  diagram,  per- 
mits no  contraction  of  muscles, 
and  they  soon  become  quiescent 
when  this  extension  is  applied 
(Figs.  303  and  304). 

The  common  deformity  in 
mal-united  o  r  indifferenlly 
treated  fractures  about  the 
neck  of  the  femur,  as  also  in 
the  case  of  tuberculous  or 
rheumatoid  arthritis,  is  flexion 
and  adduction. 

Rule.  The  lesson  is  clear 
that  all  lesions  in  this  neigh- 
bourhood should  be  treated  in 
an  abducted  position,  the  limb 
^  being  rotated  inwards  without 

Fig.  303.    Abductio.n  Fbame.  a     ■  r-  I  .. 

any  flexion.      Experience  has 

shown  that  the  results  are  good.  If  the  surgeon  is  in  doubt  or  difficulty 
about  a  fracture  of  the  acetabulum,  he  is  perfectly  safe  if  he  follows 
this  rule. 

A  partial  separation  of  the  head  of  the  femur  occurs  in  young 
adolescents,  and  the  course  of  the  affection  is  often  insidious.  This 
condition  is  known  as  traumatic  coxa  vara.  It  consists  of  a  partial  or 
complete  separation  at  the  epiphysis  of  the  head,  a  fracture  through  the 
neck,  or  a  fracture  involving  both  neck  and  epiphysis.  It  is  the  most 
often  overlooked  of  all  hip  injuries  even  by  extremely  good  surgeons; 
it  is  furthermore  often  a  serious  matter  for  both  the  patient  and  surgeon 
if  an  early  diagnosis  be  not  made.  It  frequently  occurs  when  fuming 
suddenly ;  a  sharp  pain  and  disability  in  the  hip  follows,  but  the  patient 
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is  able  to  walk  a  little  after  a  rest.    The  surgeon  finds  the  movements 
fairly  free  in  the  direction  of  flexion,  extension,  and  adduction;  the  rota- 
tions are  distinctly  painful,  and  abduction  beyond  a  short  range  is  npt 
tolerated.    The  measurements  of  the  limb  are  normal.    Ten  days'  or  a 
fortnight's  enforced  idleness,  and  the  patient  returns  to  a  normal  life. 
In  days  or  weeks  another  strain  occurs  and  further  disability,  with 
symptoms  no  more  diagnostic  than  before.     After,  perhaps,  a  further 
strain,   the   hip  becomes  painful 
and  the  patient  lame,  and,  on  ex- 
amination, the  limb  has  slightly 
shortened,   and    a   separation    of 
the  epiphysis,  partial  or  complete, 
will  be  found.     The  head  of  the 
femur  is  in  the  acetabulum,  but 
the    femoral    neck   has   travelled 
upwards. 

The  injury  is  much  more  se- 
vere in  another  type,  the  disabil- 
ity more  pronounced  and  lasting, 
and  we  find  we  are  dealing  either 
with  a  fracture  of  the  neck,  or 
with  a  complete  separation  of  the 
head.  There  is  a  third  type 
which  completes  the  clinical 
group.  A  youth  slightly  injures 
his  hip,  and  is  incommoded, 
hardly  disabled,  for  a  day  or  two. 
As  the  weeks  pass  he  complains  of 
an  increasing  lameness  and  stiff- 
ness at  the  hip,  and  his  symptoms  ■ 

are  very  much  those  of  a  starting  Fig.  304.  Abduction  Frame  applied. 
hip  affection;  there  is  limitation 

of  movement  in  all  directions,  shortening  of  the  limb,  elevation  of  the 
trochanter  above  Nelaton's  line.  A  skiagram  shows  a  coxa  vara  of 
the  epiphyseal  type.  The  slight  injury  has  partly  torn  the  periosteum 
and  separated  the  epiphysis,  and  under  the  strain  of  body  weight  the 
characteristic  deformity  occurs. 

(a)  The  author  would  suggest  that  a  single  strain  or  a  succession  of 
strains  of  the  hip-joint  in  adolescents,  if  followed  by  disability  and  pain 
on  abduction,  denotes  an  epiphyseal  separation. 

(b)  If  strain  completely  disables  the  patient,  and  is  accompanied  by 
elevation  of  the  trochanter,  a  fracture  of  the  neck  is  to  be  diagnosed. 
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(c)  If  a  slight  injury  be  followed  by  a  limp,  rigidity,  and  shortening 
of  the  limb,  we  are  probably  dealing  with  a  coxa  vara  following  a  partial 
epiphyseal  separation,  exhibiting  the  signs  of  epiphysitis. 

We  must  remember  that  a  neglected  traumatic  coxa  vara  results  in 
a  stiff,  adducted,  and  slightly  flexed  hip.  The  treatment  should  consist 
of  immediate  fixation  under  an  anaesthetic.  With  the  pelvis  fixed  while 
the  limb  is  abducted  the  upper  border  of  the  acetabulum  acts  as  a  ful- 
crum ;  the  limb  is  secured  in  extreme  abduction  and  extension  by  means 
of  plaster  of  Paris,  or  preferably  an  abduction  frame,  for  six  weeks 
until  consolidation  has  occurred. 

The  sliding  head  or  fractured  neck  is  placed  in  proper  relation  with 
the  shaft  by  this  method. 

*  Extra-capsular  *  fracture  of  the  neck  of  the  femur  occurs  tjT)icallv 
in  active  adults  up  to  later  middle  age.  The  fracture  is  usually  caused 
by  a  blow  or  fall  on  the  trochanter  major.  The  neck  of  the  femur  is 
driven  into  the  trochanter  and  may  be  impacted  or  may  break  free. 

We  should  realize  that  occasionally  the  patient  can  walk  if  the  frac- 
ture is  firmly  impacted.  The  diagnosis  can  be  easily  made  if  the  follow- 
ing points  are  noted : 

1.  The  trochanter  major  when  grasped  between  the  finger  and  thumb 
is  usually  broader  than  its  fellow. 

2.  Shortening  is  not  great  if  the  fracture  is  impacted,  but  may  be 
one  and  a  half  inches  or  more  if  free. 

3.  The  trochanter  is  felt  to  rotate  on  a  shortened  radius. 

4.  Some  eversion  is  usually  present. 

Treatment.  The  hip  should  be  well  extended  in  the  abducted  posi- 
tion. The  functional  result  should  be  satisfactory,  and  the  shortening 
not  more  than  three-quarters  of  an  inch. 

The  old  treatment  in  a  long  '  Liston '  splint  is  very  apt  to  be  asso- 
ciated with  some  shortening,  a  good  deal  of  callus  which  interferes  with 
free  movement,  and  generally  some  adduction  (i,e,  coxa-varoid  de- 
formity) is  often  found  even  in  cases  which  have  been  carefully  treated 
by  this  method. 

If  an  abduction  frame  is  not  available  a  Thomas  knee-splint  is  better 
than  a  Liston,  for  the  ring  of  the  splint  gives  good  counter-extension 
from  the  tuber  ischii,  and  the  abduction  can  be  arranged  by  means  of 
sand-bags ;  but  it  should  only  be  a  temporary  measure. 

The  essential  aim  in  all  fractures  of  the  neck  of  the  femur  is  to  secure 
correct  alinement.  This  is  not  possible  in  any  position  but  that  of 
abduction.  The  limb  should  be  extended,  abducted  to  about  forty-five 
degrees,  and  rotated  inwards.  Whitman  strongly  advocates  the  use  of 
plaster  of  Paris  to  maintain  the  position,  and  although  the  author  gener- 
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ally  employs  his  abduction  frame,  he  is  convinced  of  the  admirable  results 
to  be  obtained  by  fixation  in  plaster  of  Paris. 

In  impacted  cases  it  is  advantageous  to  disimpact  in  every  case 
where  there  is  considerable  shortening  or  external  rotation  of  the  limb, 
leaving  only  those  cases  where  the  shortening  is  trivial  and  where  there 
is  no  rotation.  The  results  are  better  than  when  the  old  practice  was 
followed  of  leaving  all  the  impacted  cases  to  unite  as  they  were. 

*  Intra-capsular '  fracture  of  the  neck  of  the  femur  occurs  typically 
in  elderly  people.  .The 
fracture  is  almost  always 
produced  by  a  sudden 
twist,  then  the  patient 
falls. 

Diagnosis. 

1.  Mobility  and 
crepitus  between  the 
trochanter  major  and  the 
head  of  the  femur. 

2.  Shortening  is  not 
as  great  as  in  the  extra- 
capsular variety,  as  the 
fracture  is  largely,  not  en- 
tirely, within  the  capsule. 

Broadening  o  f  the 
trochanter  does  not  occur 
in  a  typical  case. 

Treatment.    Treat- 
ment   and    its    result    de-    ^'°-  3«S-    Abduction  F«ame  applied:  carried. 
pends  on  whether  the  patient  is  fit  to  be  kept  in  bed  without  risking  a 
'  hypostatic  pneumonia '. 

If  possible,  treat  in  an  abduction  frame,  and  a  reasonably  good  result 
may  be  expected.  If  the  patient  is  old  and  is  hkely  to  develop  lung 
trouble  if  too  much  restricted,  it  is  better  to  put  on  a  Thomas  knee-splint 
to  prevent  shortening,  and  let  the  patient  sit  up. 

The  case  should  be  treated  in  the  same  manner  as  the  so-called  '  extra- 
capsular '  fracture.  Where  hypostatic  troubles  may  be  expected,  plaster 
of  Paris  has  advantages  over  any  kind  of  splint,  for  the  patient  need  not 
be  confined  to  his  bed.  The  extension  and  rotation  can  be  maintained 
by  including  the  foot  in  the  plaster.  In  cases  where  the  bone  has  failed 
to  unite,  a  well-applied  Thomas  calliper  knee-splint  (Fig.  306)  enables 
the  patient  to  walk  with  comfort.  The  ring  of  the  splint  lying  against 
the  tuber  ischii  supports  the  body  weight. 
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Plaster  of  Paris  should  never  be  used  in  compound  fractures  about 
the  hip.  Where  suppuration  has  occurred,  it  becomes  a  filthy  method. 
Despite  every  precaution  for  the  exposure  of  the  wound,  the  plaster 
mops  up  discharges  like  blotting-paper,  becomes  horribly  offensive,  and 
adds  to  the  infection  of  the  wound. 

The  patient  who  lies  on  an  '  abduction  frame '  can  be  lifted  and 

moved  without  pain,  without  disturbing  the  frac- 
ture or  relaxing  the  extension,  and  the  dressing 
can  be  changed  without  interfering  with  the 
mechanism  of  fixation  (Fig.  305).  If  the  wound 
is  through  the  buttock  and  the  discharge  takes 
place  there,  the  splint  can  be  suitably  modified. 
The  abduction  frame  can  be  applied  in  a  few 
minutes. 


Fig.  306.   Calliper. 


THE  KNEE-JOINT 

The  integrity  of  the  knee-joint  depends  en- 
tirely on  its  ligaments  and  muscles,  and  conse- 
quently it  is  the  seat  of  many  derangements 
caused  by  injuries  to  these  structures.  The  joint 
is  further  complicated  by  the  semilunar  cartilages 
and  by  abundant  fatty  synovial  fringes. 

Strains  of  muscular  attachments  about 
the  knee  may  occur  at  the  insertions  of  the  semi- 
membranosus, at  the  inner  side  and  back  of  the  internal  tuberosity  of 
the  biceps,  at  the  head  of  the  fibula,  which  may  be  diagnosed  by  local 
tenderness  on  pressure  and  pain  on  resistance  to  voluntary  flexion. 

Strain  of  the  attachment  of  the  ligamentum  patellae  is  more  important 
The  tubercle  of  the  tibia  is  sometimes  developed  as  a  separate  epiphysis, 
and  the  local  inflammation  then  may  be  of  the  nature  of  epiphysitis. 
Commonly,  however,  it  is  a  local  periostitis  which  is  kept  active  by  the 
continued  action  of  the  quadriceps  extensor  cruris. 

Treatment.  If  the  inflammatory  condition  is  at  all  severe,  a  back- 
splint  should  be  applied  to  prevent  flexion  and  strain  on  the  painful 
attachment.  In  less  severe  cases  a  firm  band  of  sticking-plaster  applied 
around  the  thigh  above  the  patella  may  suffice  to  relieve  the  part  suffi- 
ciently to  allow  recovery  to  take  place. 

Sprains  and  rupture  of  ligaments. 

The  external  lateral  ligament  is  not  often  sprained  and  does  not 
often  give  trouble  unless  the  injury  is  severe. 

The  internal  lateral  ligament,  on  the  other  hand,  is  very  frequently 
sprained.    The  force  which  puts  strain  on  this  ligament  is  eversion  of 


JOINTS  OF  THE  LOWER  LIMB 


807 


the  foot  and  abduction  of  the  leg  in  shght  flexion.  One  is  apt  to  think 
of  this  ligament  as  a  long  strap  attached  above  to  the  internal  condyle 
of  the  femur  and  below  to  the  inner  aspect  of  the  shaft  of  the  tibia,  and 
to  forget  that  the  deep  fibres  have  a  very  short  course  from  the  condyle 
to  the  adjacent  part  of  the  inner  tuberosity  of  the  tibia,  and  are  intimately 
connected  with  the  capsule.  It  is  these  deep  fibres  which  are  usually 
injured  in  a  '  sprained  knee  ',  and  the  injury  is  _    ^      .^^^ 

most   commonly   at  their  attachment  to  the 
margin  of  the  tibia. 
Diagnosis. 

1.  The  patient  complains  of  patn  at  the 
inner  side  of  the  knee,  particularly  when  he 
twists  his  foot  outwards. 

2.  Pain  is  caused  by  passively  stretching 
the  internal  lateral  ligament. 

3.  There  is  tenderness  on  pressure  con- 
fined to  the  fine  of  the  ligament,  not  over  the 
anterior  end  of  the  cartilage  which  lies  nearer 
the  front  of  the  knee. 

4.  There  is  no  history  of  locking  of  the 
knee,  or  of  something  slipping  inside  the  knee, 
which  would  suggest  an  injured  cartilage. 

Treatment, 

1.  Apply  a  splint  until  union  is  complete; 
this  usually  takes  a  fortnight. 

2.  The  patient  should  deviate  body  weight 
from  the  ligament  by  walking  with  his  toe 
turned  in. 

3.  Strain  is  relieved  by  making  the  inner 
side  of  the  heel  of  the  boot  a  quarter  of  an 
inch  thicker  than  the  outer. 

Internal  derangements.  The  post- 
patellar  pad  of  fat  is  frequently  bruised;  this  injury  is  often  not  clearly 
understood,  and  is  frequently  diagnosed  as  '  rheumatic '.  The  material 
fact  is  that  the  pad  of  fat  which  fills  up  the  space  in  front  of  the  knee 
behind  the  patellar  ligament  is  a  little  too  large  owing  to  hyperaemia, 
possibly  due  to  a  slight  bruise. 

Diagnosis. 

1.  Patient  complains  of  pain  in  the  front  of  the  knee. 

2.  There  is  a  slight  fulness  at  the  sides  of  the  ligamentum  patellae 
which  on  palpation  is  not  fluid  but  elastic,  being  congested  fat. 

3.  Flexion  of  the  knee  is  painless.  , 


Fig.  307.  Diagnostic 
Points  of  Tenderness 
ABOUT  Knee.  i.  Tender- 
ness on  full  passive  ex- 
tension with  swelling  each 
side  of  the  ligamentum 
patella  suggests  a  tender 
post-patellar  pad. 
2.  Tenderness  on  pressure 
suggests  injury  to  ante- 
rior portion  of  internal 
semilunar,  3,  Usual  point 
of  tenderness  in  sprain  of 
internal    lateral   ligament. 
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4.  Passive  extension  causes  pain,  definitely  located  in  the  front  of 
the  knee  behind  the  ligament. 

5.  There  are  often  recurrent  effusions  into  the  joint. 

In  cases  of  long  duration  which  may  have  been  diagnosed  as  *  rheu- 
matic '  or  '  arthritis  'the  thickened  pad  may  cast  a  faint  blurred  shadow 
in  an  X-ray  photograph  in  a  lateral  view,  due  to  excess  of  fibrous  tissue, 
A  knee-cage  limiting  full  extension  may  have  to  be  worn  for  many 
months  before  the  thickened  tissue  all  disappears. 

Treatment.  Prevent  repeated  pinching  of  the  fatty  pad  by  making 
the  patient  wear  a  jointed  knee-cage  which  allows  full  flexion  but  stops 
twenty-five  to  thirty  degrees  short  of  full  extension.  This  allows  the 
congestion  of  the  pad  to  disappear  without  laying  up  the  patient,  and 
then  the  knee  can  be  extended  without  causing  pain. 

Injuries  of  semilunar  cartilages. 

The  internal  cartilage  on  account  of  its  shape  and  attachment  is 
more  frequently  injured  than  the  external. 

The  mechanism  of  the  injury  is  nearly  always  the  same.  The  foot  is 
fixed  in  eversion.  The  body  suddenly  swings  inwards  with  the  knee 
bent  inwards. 

(a)  First,  the  internal  lateral  ligament  usually  gives  way. 

(6)  Second,  the  knee-joint  opens  on  its  inner  side  and  the  semilunar 
cartilage,  which  is  strongly  attached  to  the  ligament,  is  pulled  out  of  its 
place ;  it  may  merely  bend  or  one  of  its  end  attachments  may  give  way, 
most  often  the  anterior  end. 

(c)  Third,  as  soon  as  the  patient  falls  and  the  strain  on  the  knee  is 
relieved,  the  joint  shuts  with  a  snap  and  pinches  the  cartilage. 

1.  The  cartilage  may  be  merely  bruised  and  slip  back  into  its  place. 

2.  In  the  typical  case  it  is  split  or  broken,  or  the  end  is  doubled  over 
and  nipped  so  that  some  part  of  the  cartilage  fails  to  get  back  to  its 
proper  place. 

When  this  happens  we  have  the  characteristic  symptom  of  '  locking ', 
i,e,  owing  to  the  obstruction  nipped  between  the  bones  the  leg  cannot  be 
fully  extended  at  the  knee. 

Diagnosis  is  made 

1.  By  '  locking  *  when  present,  or  the  history  of  the  knee  having  been 
locked. 

2.  By  tenderness  over  the  injured  internal  lateral  ligament. 

3.  Tenderness  on  the  upper  edge  of  the  tibia  half  an  inch  to  the  inner 
side  of  the  patellar  ligament. 

Treatment.  Complete  reduction  of  the  displaced  portion  of  car- 
tilage is  essential.  The  surgeon  should  not  be  content  till  he  has  the  knee 
fully  extended.     Mere  partial  reduction  means  constant  bruising  of  the 
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nipped  portion,  with  symptoms  similar  to  those  of  a  bruised  post-pateltar 
pad,  only  the  pain  is  situated  more  to  the  inner  side  of  the  joint,  and  is 
usually  more  acute. 

Reduction.  With  the  patient  lying  on  the  back,  flex  the  thigh  on 
the  trunk,  flex  the  leg  on  the  thigh,  rotate  outwards  and  abduct  the  leg 
to  open  the  inner  side  of  the  knee-joint  and  clear  the  cartilage.  Then 
very  rapidly  rotate  inwards  and  extend.  The  cartilage  will  often  slip  in 
during  the  inward  rotation. 

If  reduction  is  complete,  the  knee  is  fully  extended  with  ease,  and  the 
patient  feels  the  cartilage  is  '  in  '.    If  the  patient  does  not  know  that  the 
cartilage  is  '  in '  the  reduc- 
tion is  not  complete. 

When  working  without 
an  ana;sthetic  the  author 
asks  the  patient  to  kick  his 
leg  into  full  extension, 
counting  one,  two,  three, 
kick!  On  the  word  '  kick  ' 
the  patient  violently  extends 
thigh  and  leg,  while  at  the 
same  instant  the  surgeon 
rotates  inwards  and  helps 
the  extension  by  pulling  on 
the  foot.  With  a  little  prac- 
tice this  manceuvre  seldom 
fails. 

Cases  that  have  remained 
incompletely     reduced     for 

any  length  of  time  generally  Fig.  308.    Boot  and  Iron. 

require  an  anfesthetic.  Often 

when  the  surgeon  has  failed  to  reduce  the  displacement,  the  patient  sud- 
denly makes  some  unconscious  movement,  relaxes  his  muscles,  and  re- 
duction occurs  spontaneously,  which  proves  that  reduction  is  not  a  mat- 
ter of  force,  but  rather  of  knack. 

After-treatment.  There  is  always  a  good  deal  of  effusion  in  and 
about  the  joint.  When  full  reduction  has  been  attained,  the  knee  should 
be  firmly  bandaged  on  a  back-splint  for  a  few  days  till  all  effusion  has 
disappeared. 

The  patient  may  then  walk  about  with  the  posterior  splint  on,  to  let 
repair  of  torn  structures  take  place.  If  the  torn  or  displaced  portion  of 
cartilage  gets  fixed  down,  no  further  trouble  may  occur. 

Then  a  pad  may  be  placed  on  the  inner  side  of  the  knee,  and  the  joint 
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firmly  bandaged  or  strapped  and  the  patient  allowed  to  walk  under  certain 
restrictions. 

He  must  carefully  avoid  everting  his  foot  for  fear  of  stretching  the 
internal  lateral  ligament  and  allowing  the  cartilage  to  slip  again.  To 
enforce  this  position,  the  inner  side  of  the  heel  should  be  made  a  third 
of  an  inch  higher  than  the  outer  side;  this  makes  the  patient  turn  his 

. toe   in,  and  by   throwing  hU 

weight  on  the  outer  side  of  the 
foot  tends  to  give  him  a  bow- 
knee  rather  than  a  knock-knee. 
so  keeping  the  inner  side  of  his 
knee  shut  (Fig.  30S). 

The  external  semilunar 
cartilage.  Injuries  of  the 
external  semilunar  cartilage 
are  rarer.  The  signs  and 
symptoms  are  less  distinct,  and 
the  mechanism  is  not  so  ob- 
vious. 

The   patient  complains  of 
something  slipping  in  the  knee 
and  may  state  definitely  that 
the  sensation  is  in  the  outer 
side    of    the    joint.      Pain   is 
usually  referred  to  the  outer 
Fig.  308A.    Boot  and  Ikon  applied.      .  and  posterior  sides  of  the  joint, 
pain   on   pressure   is   not  pro- 
nounced, effusion  is  not  so  common,  and  a  loose  external  cartilage  often 
gives  rise  to  the  '  clicking '  knee. 

The  indications  for  operation.  Recurrent  derangements  demand 
operation,  more  especially  those  cases  often  accompanied  by  acute  symp- 
toms. Where  a  strenuous  athletic  life  is  a  means  of  livelihood,  a  physical 
necessity,  or  where  the  subject  works  in  dangerous  places,  there  should 
be  no  hesitation  in  urging  an  operation.  No  soldier,  the  subject  of  a 
slipping  cartilage,  should  be  passed  for  service  until  the  defect  has  been 
put  right.  Already  many  have  returned  from  the  front  because  of  this 
disability. 

A  first  attack  efficiently  treated  may  result  in  a  cure  without  recur- 
rence in  a  large  number  of  cases;  therefore,  unless  there  are  special 
reasons,  operation  is  not  to  be  urged  where  the  knee  has  only  once 
given  way. 
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THE  OPERATION  FOR  EXPOSING  THE  INTERNAL  SEMILUNAR 

CARTILAGE 

Incision.  The  J-shaped  incision  frequently  employed  is  open  to 
objection,  for  by  carrying  the  lower  end  of  the  incision  backwards,  it  is 
easy  to  cut  part  of  the  internal  lateral  ligament,  with  lasting  impairment 
of  its  efficiency. 

The  incision  the  writer  employs  is  made  as  follows:  The  patient's 
leg  is  allowed  to  hang  over  the  end  of  the  table  with  the  knee  bent  at  a 
right  angle.  The  incision,  about  one  and  a  half  to  two  inches  long,  crosses 
the  joint  over  the  anterior  end  of  the  cartilage,  following  the  margin  of 
the  articular  surface  of  the  condyle  of  the  femur. 

The  knife  used  for  the  skin  incision  should  not  be  used  for  opening 
the  joint,  for  fear  of  infecting  with  staphylococcus  albus  from  the  skin, 
if  with  no  more  virulent  organism.  In  the  flexed  position  an  excellent 
view  is  obtained,  the  internal  lateral  ligament  is  well  back  out  of  danger, 
and  there  is  really  no  excuse  for  encroaching  on  it.  The  offending  object, 
cartilage  or  fringe,  should  be  cut  clean  away  with  a  thin-bladed  knife 
without  dragging  on  it.  If  a  tourniquet  is  first  applied,  there  is  no  bleed- 
ing to  obscure  the  view.  The  tourniquet  should  not  be  removed  until 
the  operation  is  ended  and  the  knee  bandaged. 

The  surgeon  who  operates  upon  a  healthy  knee-joint  should  be  clean 
beyond  reproach.  He  should  have  an  antiseptic  conscience.  His  finger 
should  never  enter  the  wound  however  scrubbed  or  thickly  gloved,  as  an 
infection  would  prove  a  tragedy. 

The  synovial  membrane  and  capsule  should  be  carefully  sutured  with 
a  reliable  catgut  handled  and  tied  by  forceps,  and  the  skin  then  separately 
stitched  so  that  there  is  no  immediate  connexion  between  the  skin  wound 
and  the  joint. 

The  after-treatment  is  the  same  as  for  a  successfully  reduced  car- 
tilage. The  patient  may  walk  in  a  back-splint  ten  days  after  the  opera- 
tion. A  week  later  he  may  be  promoted  to  a  firm  bandage  and  a  crooked 
heel,  and  begin  to  bend  the  knee.  In  six  weeks  he  may  play  games  arid 
do  what  he  likes. 

Dislocation  of  the  knee.  Fortunately  dislocation  of  the  knee  is 
very  rare;  the  nature  of  the  displacement  is  too  obvious  for  any  error 
in  diagnosis  to  take  place. 

The  interesting  fact  is  that  in  spite  of  the  extensive  rupture  of  liga- 
ments, including  the  crucial  ligaments,  the  functional  results  in  recorded 
cases  have  been  so  good.  The  explanation  of  this  is  that  the  lesion  is  so 
formidable  that  prolonged  fixation  is  absolutely  necessary ;  early  use  and 
movement  is  impossible  without  displacement  occurring.  Hence  torn 
structures  are  usually  given  time  to  unite  firmly,  and  with  exercise  and 
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use,  considerable  freedom  of  movement  is  recovered  in  time.  No  surgeon 
sees  many  cases  in  a  lifetime,  so  that  it  is  necessary  to  deduce  clinical 
lessons  from  recorded  cases. 

The  great  lesson  seems  to  be  that  if  the  displacement  is  reduced  and 
the  limb  fixed  in  a  straight  position,  nature  will  do  surprisingly  well. 

Rupture  of  the  crucial  ligaments  and  fracture  of  the  spine 

of  the  tibia.  These  accidents  occur  as  the  result  of  forcible  twisting 
of  the  knee  without  sufficient  displacement  occurring  for  the  case  to  be 
diagnosed  as  a  dislocation  of  the  knee. 

The  pain  and  effusion  at  the  time  is  so  great  that  the  practitioner 
necessarily  does  the  correct  thing  by  fixing  the  limb  on  a  posterior  splint. 

Patients  are  generally  seen  by  the  consulting  surgeon  at  a  later  time 
and  complain  of  preternatural  mobility  and  insecurity  in  the  knee. 

The  diagnosis  of  rupture  of  the  crucials  is  not  difficult  if  we  remem- 
ber their  anatomical  functions. 

1.  The  anterior  crucial  ligament  is  tense  when  the  knee  is  fully 
extended  and  prevents  the  tibia  from  being  displaced  forwards  on  the 
femur. 

2.  The  posterior  crucial  ligament  is  tense  in  complete  flexion  and 
prevents  the  tibia  from  being  displaced  backwards  on  the  femur. 

3.  Both  ligaments  check  inward  rotation  of  the  tibia. 

Hence,  when  it  is  found  that  after  an  injury  to  the  knee  the  tibia 
can  be  displaced  backwards  or  forwards,  or  rotated  inwards  in  the 
extended  position,  an  injury  of  one  or  both  crucial  ligaments  may  be 
diagnosed. 

When  in  the  extended  position  the  tibia  cannot  be  displaced  forwards, 
it  may  be  assumed  that  the  anterior  crucial  is  not  torn  across. 

If  in  full  flexion  the  tibia  cannot  be  displaced  backwards,  the  post- 
crucial  is  not  ruptured. 

Treatment.  Fixation  of  the  knee  in  the  straight  position  to  allow  the 
stretched  structures  to  shorten,  followed  by  the  use  of  a  knee-cage  to 
steady  the  knee  when  walking,  will  generally  lead  to  a  satisfactory  result. 

Operation  in  the  author's  experience  does  not  achieve  much.  The 
torn  tissues  may  be  drawn  together  with  sutures,  but  the  ends  cannot 
be  accurately  approximated  with  the  knee  bent  so  as  to  expose  the  inter- 
condylar space.  With  the  knee-joint  closed  it  is  not  possible  to  get  in  to 
tie  the  knot.  The  good  results  therefore  must  be  more  due  to  the  after- 
treatment,  which  allows  of  sufficient  rest  to  permit  the  repair  tissue  to 
consolidate  and  shorten. 

Fractures  of  the  spine  of  the  tibia.  Passing  next  to  fractures 
of  the  spine  of  the  tibia,  the  injury  is  generally  associated  with  rupture 
of  one  or  both  crucial  ligaments.    The  fracture  is  probably  produced  by 
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a  combined  slide  and  twist  of  the  condyles  on  the  tibia  so  that  the  inter- 
condylar margin  sheers  off  the  spine. 

Diagnosis  between  ruptured  crucial  ligaments  and  fractured  spine 
is  easily  made  by  the  X-ray  photograph. 

Treatment,  It  is  essential  to  get  the  knee  straight;  if  there  is  bone 
lodged  in  the  front  part  of  the  joint  it  must  be  got  out  of  the  way. 

Manipulation  of  the  knee  and  forcible  extension  may  succeed  in 
driving  the  obstruction  up  between  the  condyles,  where  it  will  be  out  of 
the  way  and  can  do  no  great  harm.  The  knee  can  then  be  fixed  on  a 
back-splint  and  left  to  recover.  There  will  be  some  limitation  of  flexion 
in  many  cases,  but  as  a  rule  the  functional  result  is  gratifying. 

When  the  obstructing  fragment  cannot  be  dislodged  by  manipulation, 
there  is  no  choice  left  but  to  operate. 

Operation.  The  incision  is  determined  to  some  extent  by  the  loca- 
tion of  the  fragment.    It  may  be  possible  to  remove  it  by  an  incision  to 


Fig.  309.    Thomas's  Knee-splint. 

the  side  of  the  patellar  ligament,  but  in  order  to  obtain  a  ready  access 
and  a  good  view,  the  patellar  should  be  split  vertically  as  well  as  the 
quadriceps  and  patellar  ligament.  After  the  joint  is  explored  the  liga- 
mentum  patellae,  the  quadriceps,  and  the  aponeurosis  are  stitched.  No 
wiring  or  plating  is  needed. 

Fractures  about  the  knee-joint.  All  fractures  about  the  knee- 
joint  can  be  fixed  efficiently  on  a  Thomas  knee-splint  (Fig.  309),  and 
the  patient  can  be  moved  in  this  splint  with  less  discomfort  than  in  any 
other  known  to  the  writer. 

Fracture  of  the  femur  above  the  condyles.  The  traditional 
method  of  treating  this  fracture  is  with  the  knee  flexed,  because  the 
gastrocnemius  muscle  is  expected  to  tilt  the  short  lower  fragment  back- 
wards, and  by  this  means  pressure  would  be  put  on  the  popliteal  vessels, 
endangering  the  vitality  of  the  leg  and  foot.  This  fear  is  entirely  without 
foundation,  provided  the  limb  is  so  securely  fixed  that  reflex  muscle- 
spasm  is  not  excited. 

Reflex  muscle-spasms  and  the  resulting  starting-pains  are  excited 
by  alterations  in  tension  of  the  muscles  crossing  the  site  of  fracture,  and 
can  only  occur  if  it  is  possible  for  the  muscle  to  contract. 

If  extension  straps  of  adhesive  plaster  are  applied  in  the  usual  way, 
and  firmly  fixed  to  the  bottom  of  the  splint,  and  the  ring  is  firmly  up  on 
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the  perineum  and  tuber  ischii,  it  is  mechanically  impossible  for  the  muscle 
to  shorten.  The  consequence  is  that  no  reflex  action  occurs,  and  all  the 
muscles  of  the  part  become  relaxed  and  restful  within  twenty-four  hours. 

The  extension  plasters  should  be  of  strong  linen-backed  sticking- 
plaster — one  on  each  side  of  the  leg,  with  stout  webbing  stitched  on  to 
the  lower  ends. 

They  are  applied  to  the  limb  in  the  usual  way,  taking  as  high  a  grip 
as  the  wounds  may  permit.    The  malleoli  are  protected  from  pressure. 

When  fastening  the  lower  end,  one  band  is  taken  over  the  side-bar, 
the  other  under,  and  the  two  knotted  over  the  U-shaped  bend  at  the 


Fig.  310.  Diagram  showing  Thomas's  Knee-splint  as  used  for  Fracture 
OF  THE  Femur  below  the  Small  Trochanter,  about  the  Knee  and  Upper 
Part  of  the  Leg.  Arthritis  of  knee,  compound  fracture  of  patella,  &c.  The 
getter-splint  behind  is  slung  from  the  side-bars. 

If  necessary  to  get  free  access  to  a  wound  about  the  knee,  leg  and  thigh  would 
be  separately  slung.  To  avoid  confusion,  only  the  lower  end  of  the  extension 
plaster  is  shown ;  also  all  bandages  and  padding  are  omitted. 

The  anterior  splint  is  such  as  would  be  used  for  fracture  of  the  shaft  of  the 
femur.  The  block  supporting  the  end  of  the  splint  keeps  the  heel  off  the  bed 
and  protects  the  heel. 

bottom  of  the  splint,  which  is  purposely  made  to  prevent  the  knot  from 
slipping  off  (Fig.  310). 

The  limb  is  slung  from  the  side-bars  as  shown  in  the  diagram,  or  the 
method  modified  to  leave  access  to  wounds  which  have  to  be  dressed. 

Fractures  of  the  condyles.  One  or  both  condyles  may  be  knocked 
off.    The  tibia  then  has  a  tendency  to  slip  to  one  side  or  other. 

It  is  very  rarely  necessary  to  resort  to  operative  interference. 

Extension  strapping  is  applied  up  to  the  knee,  the  Thomas  splint  is 
slipped  over  the  limb,  and  an  assistant  applies  extension;  if  he  puts  his 
knee  against  the  end  of  the  splint,  he  gets  his  own  counter-extension 
from  the  perineum. 

The  surgeon  grasps  the  condyles  between  his  two  palms,  and  generally 
will  get  the  broken  fragments  to  slip  together.  A  firm  bandage  or,  if 
there  is  no  wound,  a  few  turns  of  sticking-plaster  will  hold  them  together. 
So  long  as  the  tibia  is  not  allowed  to  bump  up  against  them,  they  will 
not  be  again  displaced,  and  the  limb  can  be  fixed  as  shown  in  the 
diagram  (Fig.  310). 
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If  the  fragments  do  not  slip  into  place,  apply  firm  extension  for  a 
few  hours,  and  try  again;  the  muscles  may  have  relaxed  by  that  time. 
Often  when  left  alone  overnight  a  displaced  fragment  is  found  to  have 
slipped  into  place  by  morning. 

If  in  any  difficulty  an  anaesthetic  should  be  given,  but  this  is  by  no 
means  a  routine  necessity.  Last  of  all,  operation  should  follow  failure 
of  manipulation. 

Setting  a  limb  in  this  way  without  an  anaesthetic  does  not  hurt  the 
patient  any  more  than  the  usual  preliminaries  to  an  anaesthetic. 

Fractures  of  the  tuberosities  of  the  tibia  are  dealt  with  in  pre- 
cisely the  same  way.  Once  the  limb  is  extended  and  the  fragments  have 
been  coaxed  into  position  and  bandaged  there  is  no  tendency  to  dis- 
placement. 

One  of  the  great  advantages  of  the  Thomas  knee-splint  in  all  these 
cases  is  that  splint  and  limb  are  all  in  one  piece,  and  no  movement  of 
the  patient's  body  or  other  limb  can  have  any  material  effect  on  the  seat 
of  fracture. 

The  foot,  of  course,  is  fixed  at  right  angles  with  a  figure-of-eight 
bandage  in  the  usual  way. 

FRACTURES  OF  THE  PATELLA 

Recent  investigations  have  shown  that  fractures  of  the  patella  are 
much  more  often  due  to  direct  violence  than  formerly  believed.  Amongst 
those  undoubtedly  due  to  falls  or  blows,  we  must  include  nearly  all  frac- 
tures of  the  oblique,  stellate,  and  longitudinal  varieties.  A  very  large 
proportion  of  the  transverse  type  are  the  result  of  a  combination  of  a 
muscular  contraction  and  of  indirect  violence.  The  middle  portion  of 
the  patella  remains  in  contact  with  the  femur,  and  this  may  be  snapped 
by  a  strain  exercised  by  the  quadriceps. 

Prognosis.  Bony  union  nearly  always  occurs  in  the  longitudinal, 
oblique,  and  stellate  varieties,  but  only  occasionally  in  the  transverse. 
Excellent  function  may  follow  recovery  with  wide  separation  of  frag- 
ments, and  not  infrequently  excellent  union  may  be  accompanied  by 
faulty  function.  The  tearing  and  faulty  union  of  the  aponeurosis  is  a 
common  cause  of  atrophy  and  weakness  of  the  quadriceps.  The  author 
has  seen  several  cases  where  secondary  fracture  has  occurred  in  the 
original  site  many  months  after  operative  treatment,  and  it  is  common 
experience  that  if  fracture  occurs  after  a  good  fibrous  union,  it  is  not 
often  in  the  same  place. 

Treatment.  The  non-operative  treatment  must  always  be  em- 
ployed unless  an  operation  can  be  performed  with  the  most  rigid  aseptic 
precautions,  and  this  should  only  be  undertaken  by  scrupulously  clean 


8i6  INJURIES  OF  JOINTS 

surgeons.     The  introduction  of  fingers  into  the  wound  and  the  rough 
handling  of  fragments  play  havoc  with  the  patient's  chances. 

The  caliiper  splint  can  be  applied 
at  once  in  simple  fractures,  and  as  soon 
as  the  effusion  has  gone  the  patient 
may  be  allowed  to  walk;  this  generally 
happens  about  the  end  of  the  first 
week.  The  splint  is  admirably  adapted 
for  fixing  the  upper  and  lower  frag- 
ments without  circular  compression 
(Fig.  311).  The  fragments  are  ap- 
proximated with  the  fingers,  and  a 
loop  of  bandage  slung  round  the  bars 
and  arranged  so  as  to  press  upon  the 
quadriceps  just  above  the  patella,  while 
another  loop  is  fixed  below  the  lower 
fragment.  Any  tilting  can  then  quite 
easily  be  remedied  by  a  pressure  pad 
over  the  riding  end.  The  calliper 
should  remain  on  for  two  months, 
when  a  small  stop-cage  brace  can  be 
applied,  first  allowing  twenty-five  de- 
grees of  flexion,  and  this  is  gradually 
increased.  The  use  of  the  cage  gives 
the  quadriceps  time  to  recover  without 
stretching  the  bond  of  union,  a  very 
important  clinical  point  if  the  loss  of 
Fig.  311.  Thomas's  Knee-  function  is  largely  due  to  a  lax  and 
SPLINT  APPLIED  FOR  FRACTURED  lengthened  quadriceps.  While  the  ef- 
Patella.  fusion    is    being    absorbed    the    limb 

should  be  elevated;   in  this  way  the  quadriceps  is  kept  relaxed. 

The  author  would  recommend  an  operation  in  all  young  folk,  pro- 
vided asepsis  is  guaranteed,  but  the  types  of  operation  suitable  to  varieties 
of  fractures  cannot  be  discussed  in  this  short  lx)ok. 

Compound  fractures  of  the  patella  as  they  occur  at  the  seat  of  war 
should  not  be  treated  by  operation. 


CHAPTER  IX 
THE  ANKLE-JOINT  AND  JOINTS  OF  THE  TARSUS 

In  fractures  of  the  ankle-joint  we  must  remember,  whether  the  joint 
be  stiff  or  not,  that  the  patient  will  want  to  walk  on  his  foot,  and  that 
he  should  be  able  to  get  both  the  heel  and  sole  to  the  ground,  and  a 
dropped  foot  or  equinus  deformity  must  be  prevented. 

Whatever  the  injury,  the  surgeon  must  keep  the  foot  at  right  angles 
to  the  leg;  if  he  fails  in  this  he  has  failed  in  his  treatment  orthopsedically, 
no  matter  how  skilful  or  scientific  his  treatment  of  the  actual  lesion 
may  have  been. 

Strain  of  the  tendo  Achillis  and  sometimes  inflammation  of  the 
bursa  under  the  tendon  are  not  rare.  The  condition  is  really  very  dis- 
abling, especially  to  men  on  the  march. 

A  simple  device  to  relieve  strain  consists  in  raising  the  heel  of  the 
boot  on  the  affected  side  half  an  inch.  The  patient  thus  unconsciously 
does  more  work  with  the  other  leg  and  avoids  strain  of  the  tender  tendon. 
It  is  obviously  of  no  use  to  raise  both  heels,  for  then  the  work  thrown 
on  both  feet  would  be  equal,  and  the  desired  effect  would  not  be  produced. 

It  is  really  practising  a  species  of  deception  on  the  patient's  sense  of 
balance,  but  it  is  very  effective  in  many  cases. 

Sprains  of  ligaments.  Reference  has  already  been  made  in  the 
introductory  chapter  to  the  means  of  localizing  an  injury  of  a  ligament 
about  the  ankle  and  to  the  appropriate  means  of  keeping  down  effusion 
by  pressure,  and  of  relieving  strain  by  tilting  the  heel  of  the  boot,  and 
it  is  not  necessary  to  refer  to  them  again. 

Dislocations  of  the  ankle-joint.  Dislocation  of  the  ankle  is  so 
often  associated  with  some  fracture,  that  the  reader  must  be  asked  to 
refer  also  to  the  complications  of  Pott's  fracture. 

Uncomplicated  dislocations  practically  only  occur  forwards  or  back- 
wards; upward  and  lateral  dislocations  of  the  astragalus  are  nearly 
always  associated  with  some  fracture  of  bone,  and  all  the  types  occur 
in  association  with  Pott's  fracture. 

Backward  dislocation  must  be  fully  reduced  if  a  satisfactory  func- 
tional result  is  to  be  obtained,  otherwise  the  anterior  edge  of  the  tibia 
will  block  dorsiflexion. 

To  reduce  a  posterior  dislocation  when  working  single-handed,  let 
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the  foot  project  over  a  stool  or  chair.  A  roller  towel  or  strong  bandage 
loop  is  drawn  over  the  lower  end  of  the  upper  part  of  the  tibia,  and 
traction  applied  with  the  surgeon's  foot  in  the  other  end  of  the  loop, 
while  the  patient's  heel  is  drawn  forward  (Fig.  312). 

Diagnosis  is  not  difficult,  as  an  undue  prominence  of  the  anterior 
edge  of  the  tibia  will  be  observed  and  differences  on  the  two  sides  in  the 
measurements  from  the  malleoh  to  the  heel  and  the  great  toe. 

Anterior  dislocation  of  the  ankle.  Care  must  be  taken  to  deter- 
mine the  relative  position  of  the  various  parts  of  the  foot,  for  the 
astragalus  alone  may  be  projected  forwards,  or  it  may  be  fractured 
and  half  of  it  projected  forwards,  producing  a  hump  on  the  dorsum  of 


Fig.  312.     Diagram  showing  Foot  in  Loop  wubn  lifting  Ankle  fokwakd. 

the  foot.  A  simple  dislocation  of  the  ankle  forwards  should  be  reduced, 
but,  as  will  be  seen  below,  fractures  of  the  astragalus  with  displacements 
often  call  for  prompt  operative  attack. 

The  foot  must  he  brought  to  a  right  angle  with  the  leg,  and  a  good 
functional  result  may  l>e  predicted. 

Inversion  of  the  foot.  U  may  be  correctly  stated  that  an  adducted 
foot  is  associated  with  strength,  and  that  an  abducted  foot  will  be  weak 
and  become  associated  with  flat-foot  and  strain  of  the  longitudinal  arches. 

If  the  foot  is  slightly  adducted  at  the  ankle  the  body  weight  will  fall 
on  its  outer  edge,  and  the  astragalus  will  be  forced  on  to  the  bony  angle 
formed  by  the  internal  malleolus  and  the  under  surface  of  the  tibia. 

If  the  foot  is  in  the  valgus  position,  the  upward  force  is  against  the 
external  malleolus,  tending  to  spread  the  fibula  from  the  tibia  and  pro- 
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ducing  a  strain  of  ligaments  and  a  painful  ankle,  which  is  often  falsely 
diagnosed  as  '  rheumatic  '  when  the  whole  trouble  is  mechanical. 

Rule.  In  all  fractures  about  the  ankle,  the  foot  should  be  placed 
at  right  angles  to  the  leg  and  slightly  in  the  varus  position.  If  this  be 
done,  whether  ultimately  mobile  or  stiff,  the  foot  will  carry  weight 
well. 

After-treatment.  After  all  such  injuries  of  the  ankle  and  after 
Pott's  fracture,  the  heel  of  the  boot  should  be  '  crooked '  on  the  inside, 
by  making  it  a  third  of  an  inch  higher  on  the  inside 
than  on  the  outside.  If  there  is  any  tenderness  or 
liability  to  strain,  an  outside  iron  and  brace  will 
often  make  all  the  difference  between  a  man  being 
able  to  do  his  work  or  not  (Fig,  308). 

Pott's  fracture.  The  importance  of  Pott's 
fracture  lies  not  so  much  in  the  break  of  the  filxila 
as  in  the  disturbance  of  the  axis  of  the  ankle-joint 
which  is  liable  to  follow. 

The  deformities  commonly  associated  with  the 
injury  are  eversion  of  the  ankle  and  posterior  dis- 
placement of  the  astragalus.     The  former,  if  not         F'c.  313.  Pott's 
fully  corrected,  leaves  the  patient  with  a  valgus  de-      Fracture.    Show- 
formity  of  the  ankle.     The  upward  thrust  of  the      Ity  Ind  weak  posi- 
astragalus  falls  on  the  space  between  the  fibula  and       tion  of  ankle, 
the  tibia  instead  of  fairly  on  the  tibia  (Fig.  313), 

Backward  displacement,  when  not  fully  corrected,  means  that  when 
the  patient  tries  to  dorsiflex  his  foot  in  walking,  the  dorsum  of  the  neck 
of  the  astragalus  will  impinge  on  the  anterior  edge  of  the  tibia. 

Thi  mechanism  of  the  fracture  is  always  violent  eversion  of  the 
foot.  The  patient  falls  to  the  side  of  the  injury  with  the  foot  caught. 
The  thrust  of  the  astragalus  comes  on  the  external  malleolus,  the  strong 
tibio-fibular  ligaments  hold  fast  and  form  a  fulcrum,  and  the  thin  part 
of  the  shaft  breaks  by  leverage  two  or  three  inches  higher. 

Diagnosis, 

1.  The  everted  position  of  the  foot. 

2.  Tenderness  at  the  site  of  the  fracture  elicited  by  running  the 
finger  down  the  fibula. 

3.  Tenderness  at  the  same  point,  when  the  upper  third  of  the  tibia 
and  fibula  are  squeezed  towards  each  other. 

4.  The  foot  is  often  in  a  slight  equinus  position,  and  displaced  back- 
wards, the  outer  and  lower  border  of  the  tibia  presenting  prominently. 

Treatment. 

I.  The  knee  should  be  flexed  and  counter-extended. 
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2.  The  posterior  displacement  of  the  foot  should  be  corrected  by 
pulling  the  heel  forwards  and  pushing  the  tibia  backwards. 

3.  The  foot  should  be  inverted  slightly  to  over-correct  the  valgus 
and  dorsiflexed  to  a  right  angle  (Fig.  314). 

After-treatment  Pott's  fracture  has  been  generally  looked  upon 
as  a  most  disabling  accident,  and  many  surgeons  of  experience  complain 
that  perfect  function  is  rarely  restored  to  the  ankle.  The  sources  01 
failure  are  twofold :  incomplete  reduction  and  ineffi- 
cient after-treatment.  To  secure  good  reduction 
the  correction  should  be  immediate  in  spite  of  swell- 
ing or  bruising,  and  conducted  on  the  lines  indi- 
cated above. 

The  after-treatment  is  often  inefficient  in  spile 
of  good  reduction,  the  deformity  of  eversion  and 
abduction  resulting.     The  fracture  has  united  with 
the  foot  and  ankle  in  good  position,  but  under  the 
strain  of  weight-carrying  the  callus  begins  to  yield 
and  the  astragalus  is  allowed  to  thrust  the  external 
malleolus  outwards,  and  so  a  painful  traumatic  flat- 
foot  is  produced.     To  prevent  this  it  is  necessary 
that  walking  should  be  abstained  from  until  the 
Fig.    314.      Pott's  union  is  firm,  and  when  it  does  take  place,  that 
Fracture.     Showing  body-weight   should    not   be   erroneously   deflected 
position  of  P^^^"""^-  upon  the  ankle.     It  is  wise  to  maintain  fixation  of 
and  balance  of  ankle   *^^  fracture  for  about  six  weeks,  and  when  the  time 
for  walking  comes,  the  boot  of  the  patient  should 
be  altered  in  order  to  keep  the  foot  inverted,  and  in  heavy  folk  a 
light  steel  brace  should  be  applied  to  help  the  actipn  of  the  boot.    The 
toes  should  be  kept  turned  in  during  walking  from  the  first  (Fig.  308). 
In  old  cases  where  either  eversion,  backward  displacement,  or  both 
exist,  a  well-planned  operation  will  restore  function. 

Common  complications.  The  following  series  of  compilations 
are  common  to  cases  of  Pott's  fracture,  dislocations,  and  some  so-called 
bad  sprains : 

1.  The  tip  of  the  internal  malleolus  is  generally  torn  off  by  acci- 
dent— treatment  in  full  inversion  meets  this. 

2.  Where  the  accident  is  caused  by  a  fall  or  jump  from  some  height, 
the  astragalus  may  be  forced  up  between  the  tibia  and  fibula,  driving 
before  it  a  wedge-shaped  portion  of  the  tibia.  Strong  traction  on  the 
foot  and  inversion  will  get  the  astragalus  down  between  the  malleoli,  and 
generally  the  wedge  will  follow  it.  for  some  fibres  of  the  ligamentous 
attachments  between  it  and  the  astragalus  will  remain. 
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3.  Fracture  of  the  anterior  edge  of  the  tibia  is  very  important,  because 
it  is  frequently  overlooked.  The  separated  fragment  slips  down  in  front 
of  the  joint  and  blocks  dorsiflexion,  a  disability  which  is  very  crippling 
to  the  patient.  This  disability  ought  never  to  occur,  for  the  surgeon 
ought  always  to  dorsiflex  the  foot  when  readjusting  an  injury  about  the 
ankle,  to  ensure  free  right  of  way  (Fig.  315). 

If  diagnosed,  the  foot  should  be  first  extended  and  the  fragment 
pushed  into  place,  then  the  foot  is  dorsiflexed.  If  the  fracture  is  not 
discovered  until  the  union  is  firm,  it  will  be  necessary  to  operate.    The 


Fig.  315.  Pott's  Fracture.  Common  Complications,  i.  Fracture  of  inter- 
nal malleolus.  2.  Fracture  of  anterior  wedge  of  tibia  associated  with  upward 
displacement  of  astragalus.  3.  Fracture  of  anterior  edge  of  tibia.  In  a  large 
proportion  of  cases  the  foot  and  astragalus  are  dislocated  backwards  and 
outwards. 


projecting  end  of  bone  should  be  sufficiently  chiselled  off  to  admit  of 
dorsiflexion. 

Dislocations  and  fractures  of  the  astragalus.  Dislocation  of 
the  entire  astragalus  forwards  is  produced  by  violent  plantar  flexion  of 
the  foot.    The  injury  is  frequently  compound. 

The  diagnosis  is  obviously  made  by  the  hump  on  the  dorsum  of  the 
foot,  by  altered  relations  of  the  bony  points. 

Associated  fractures  of  the  malleoli  or  of  the  astragalus  may  be 
detected  by  manipulation  and  will  be  recognized  in  the  X-ray  photograph, 
which  should  never  be  omitted. 

Fractures  of  the  astragalus  occur  most  commonly  in  heavy  falls  on 
the  feet,  when  the  astragalus  may  give  way  instead  of  the  lower  ends  of 
the  tibia  and  fibula.  The  fracture  may  be  transverse,  most  usually  where 
the  body  joins  the  neck,  or  the  line  of  the  fracture  may  be  antero- 
posterior, splitting  the  body  into  two  lateral  portions. 

At  one  time  teachers  of  surgery  laid  great  stress  on  the  blood  supply 
of  bone,  and  pointed  out  that  once  the  astragalus  was  torn  from  its  con- 
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nexions  with  the  os  calcis,  necrosis  might  be  expected.  This  ancient 
teaching  is  false.  Bone  cells  have  extraordinary  vitality,  and  can  survive 
if  only  some  of  the  natural  fluid  effusions  of  the  body  can  percolate  to 
them.  This  is  amply  proved  by  modem  osteoplastic  surgery.  Bone  cells, 
however,  die  rapidly  in  the  presence  of  poisonous  products  of  bacilli, 
for  the  osteoclasts  cannot  open  up  the  Haversian  canals  rapidly  enough 
to  establish  a  protective  hyperaemia.  Hence  the  conjunction  of  an 
impaired  blood  supply  and  toxic  products  are  fatal  to  bone,  and  the  only 
chance  of  saving  it  is  drainage,  sufficiently* prompt  to  prevent  the  toxic 
products  from  collecting,  and  so  allowing  the  processes  of  repair  to 
establish  themselves. 

Bearing  these  facts  in  mind,  we  may  assume  that  if  the  astragalus 
can  be  got  back  into  good  position,  a  good  result  may  be  expected  in  the 
absence  of  sepsis,  and  is  worth  an  attempt  if  the  septic  processes  can  be 
kept  under  control. 

Forward  dislocation  of  the  whole  or  of  part  of  a  fractured  astragalus 
may  be  reduced.  While  an  assistant  presses  the  displaced  bone  back- 
wards, the  surgeon  exerts  traction  on  the  foot  to  separate  the  os  calcis 
and  tibia.  There  should  be  no  hesitation  about  dividing  the  tendo 
Achillis  to  get  more  room.  If  the  astragalus  can  be  got  to  engage 
between  the  os  calcis  and  tibia,  dorsiflexion  of  the  foot  may  cause  it  to 
shoot  back  into  place.  If  the  foot  can  then  be  put  easily  at  a  right  angle 
to  the  leg,  all  will  be  well. 

In  cases  of  transverse  or  longitudinal  fracture,  the  same  line  of  treat- 
ment is  to  be  followed.  Once  the  bone  can  be  got  into  position  between 
the  malleoli,  all  the  surgeon  needs  to  consider  is  the  future  usefulness  of 
the  foot  for  carrying  weight,  and  important  factors  in  connexion  with 
flat-foot  must  have  due  regard  paid  to  them. 

In  many  cases  of  displacement  of  part  of  the  astragalus  and  in  some 
cases  of  dislocation  of  the  whole  bone,  the  displaced  bone  gets  turned 
round  in  such  a  way  that  no  manipulation  will  again  twist  it  into  position, 
when  it  should  be  removed. 

In  transverse  fractures  of  the  astragalus  the  posterior  portion  is 
generally  displaced  backwards  and  interferes  with  the  tendo  Achillis. 
This  portion  may  be  removed,  leaving  the  anterior  part  in  situ,  with 
the  foot  fixed  at  a  right  angle.  Effusion  takes  place  into  the  vacant 
space,  which  becomes  to  some  extent  organized,  and  a  very  service- 
able ankle  results  if  the  part  is  protected  from  strain  till  repair  is  well 
advanced. 

Fracture  of  the  neck  of  the  astragalus.  The  after-treatment 
of  a  fracture  of  the  neck  of  the  astragalus,  as  distinct  from  a  fracture  of 
the  body,  depends  on  a  proper  grasp  of  the  architecture  of  the  arches  of 
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the  foot,  and  the  distribution  of  the  body  weight  on  these  arches.  The 
human  foot  consists  of  two  portions : 

(a)  A  posterior  portion,  consisting  of  the  astragalus  and  os  calcis, 
which  we  shall  call  the  hind  part,  and  is  situated  behind  the  mid-tarsal 
joint,  or  so-called  Chopart's  joint. 

(&)  An  anterior  portion  consisting  of  the  rest  of  the  tarsus,  the 
metatarsus,  and  toes,  which  we  shall  call  the  fore  part  of  the  foot,  and 
is  in  front  of  the  mid-tarsal  joint. 

The  hind  part  is  quite  capable  of  bearing  body  weight. 

The  fore  part  gives  the  foot  its  spring  and  plays  an  important  part 
in  balancing.  The  foot  is  a  tripod  resting  on  three  points :  the  heel,  the 
ball  of  the  great  toe  under  the  head  of  the  first  metatarsal,  and  the  heads 
of  the  fourth  and  fifth  metatarsals. 

It  has  a  transverse  arch,  with  which  we  are  not  here  concerned,  and 
two  longitudinal  arches. 

The  outer  longitudinal,  which  is  less  arched  than  the  inner,  consists 
of  the  OS  calcis,  cuboid,  and  the  fourth  and  fifth  metatarsals,  and  is  not 
particularly  liable  to  strain — in  fact,  with  any  weight  on  the  foot  the 
whole  of  the  outer  edge  of  the  foot  is  on  the  ground. 

The  inner  component  of  the  longitudinal  arch  is  much  higher,  and 
strain  of  this  arch  constitutes  flat-foot.  It  rests  behind  on  the  os  calcis 
and  springs  upwards  and  forwards  through  the  astragalus  to  its  summit, 
and  then  downwards,  forwards,  and  inwards  through  the  scaphoid  cunei- 
form and  first  metatarsal  to  the  ball  of  the  foot  under  the  great  toe. 

The  true  crown  of  this  arch  is  in  the  neck  of  the  astragalus,  which  is 
set  at  an  angle,  downwards  and  inwards  from  the  body.  Hence  if  the 
neck  is  fractured,  the  effect  of  putting  undue  strain  on  the  new  callus 
is  to  strain  it  exactly  as  the  astragalo-scaphoid  joint  is  strained  in  a 
flat  foot. 

Hence  to  protect  it  the  patient  should  have  an  outside  brace  with 
T -strap  and  a  well-crooked  heel,  to  deviate  body  weight  on  to  the  outer 
side  of  the  foot  until  the  callus  is  strong  enough  to  carry  weight  without 
being  strained,  just  as  if  the  patient  suffered  from  acute  flat-foot 
(Fig.  308). 

Flat-foot,  everted  foot,  and  weak  foot  have  been  applied  to  va- 
rious degrees  and  stages  of  the  same  mechanical  derangement  of  the  foot, 
though  orthopaedic  surgeons  have  not  arrived  at  a  definite  agreement  as 
to  what  precise  meaning  is  to  be  attached  to  each  term.  The  names 
matter  little,  the  ideas  conveyed  by  the  varied  nomenclature  are  important, 
for  they  give  a  general  view  of  the  subject. 

The  foot  of  the  infant  is  distinctly  adducted  and  inverted  at  the  mid- 
tarsal  joint — really  at  the  neck  of  the  astragalus,  but  we  need  not  elabo- 
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rate*  that  point ;  the  child  of  two  or  three  years  walks  with  his  feet 
parallel.  The  Red  Indian,  who  wears  moccasins,  and  barefooted  races 
preserve  the  plumpness  of  the  infant  foot,  and  walk  with  the  feet  paral- 
lel. Civilized  man — so  called — wears  pointed  boots,  turns  out  his  toes, 
abducts  and  everts  his  foot  at  the  mid-tarsal  joint,  and  really  strains  this 
joint  and  so  paves  the  way  for  the  production  of  flat-foot. 

The  plumpness  of  the  foot  in  barefooted  races  and  the  infant  is  due 
to  full  development  of  the  small  muscles,  which  act  on  the  '  fore  part  * 
of  the  foot. 

The  ugly  attenuated  foot  of  boot-wearing  races  is  due  to  atrophy  of 
these  muscles,  caused  by  squeezing  the  fore  part  of  the  foot  into  a  boot 
which  allows  no  play. 

The  maintenance  of  the  arch  depends  on  the  muscles  and  the  liga- 
ments. Ballet-dancers  who  have  strong  muscles  and  can  pirouette  on 
their  toes  are  frequently  flat-footed  because  in  the  positions  of  extreme 
eversion  of  the  foot  which  they  practise  they  stretch  the  ligaments  under 
the  inner  arch  of  the  foot.  Hence  when  they  rest,  relaxing  the  muscles, 
the  ligaments  are  too  stretched  to  maintain  the  arch,  and  the  foot  looks 
and  is  flat.  The  joints  are  free  and  the  muscles  strong,  and  so  the  spring 
of  the  foot  is  maintained.  The  flat-foot  of  one  who  stands  all  day  is 
different:  his  muscles  are  weak,  the  foot  has  remained  flat  and  has 
become  stiff  in  the  flat  position.  Ultimately  he  has  a  painless,  stiff  flat- 
foot  and  no  spring  in  the  arch,  but  before  he  reaches  this  stage  he  passes 
through  various  painful  stages  of  weak  foot  to  his  final  condition  of 
flat-foot.  Pain  in  flat-foot  is  mainly  due  to  stretching  of  ligaments. 
All  the  ligaments  about  the  tarsus  participate,  but  strain  of  the  inferior 
calcaneo-scaphoid  ligament  is  characteristic  of  the  foot  which  is  becoming 
fiat.  At  this  stage  the  foot  is  not  actually  flat,  and  footprint  records 
are  of  little  value,  for  the  normal  arch  varies  greatly  in  different  indi- 
viduals; hence  a  person  with  a  naturally  high  arch  suffers  more  than 
one  with  a  naturally  low  arch,  without  any  visible  flatness  to  account 
for  it. 

Diagnosis. 

1.  Pain  in  the  instep  across  the  dorsum,  or  all  over  the  foot,  accord- 
ing to  how  many  of  the  ligaments  are  suffering  strain. 

2.  When  the  patient  stands  to  attention  his  muscles  may  pick  up  the 
arch  and  the  deformity  become  less  evident,  but  as  the  muscles  re- 
lax he  stands  with  feet  everted  and  the  tuberosity  of  the  scaphoid 
descends. 

3.  On  palpation,  tenderness  is  found  under  the  tuberosity  of  the 
scaphoid,  due  to  strain  of  the  inferior  calcaneo-scaphoid  ligament. 

4.  In  cases  with  severe  eversion,  pain  i^  complained  of  on  the  outer 
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side,  due  to  the  os  calcis  impinging  on  the  tip  of  the  malleolus.  It  may 
be  due  to  periostitis,  or  an  adventitious  bursa  may  form. 

5.  In  acute  cases  the  whole  foot  becomes  painful  to  touch  or 
movement. 

Treatment.  Ordinary  cases  of  painful  feet  due  to  an  unaccus- 
tomed amount  of  walking,  or  narrow  boots  which  do  not  leave  room  in 
the  fore  part  for  the  play  of  the  small  muscles,  will  generally  be  found 
to  have  the  characteristic  tenderness  under  the  tuberosity  of  the  scaphoid. 
This  demands  rest  of  all  the  structures  on  the  inner  side  of  the  foot. 
This  can  be  obtained  by  deviating  the  body  weight  on  to  the  outer  border 
of  the  foot. 

Boots  should  be  straight  on  the  inner  border  and  roomy  in  the  fore 
part,  but  should  grip  the  *  hind  part '  comfortably  to  prevent  chafing  and 
blistered  heels.  The  heels  of  the  boot  should  be  a  third  of  an  inch  higher 
on  the  inner  than  on  the  outer  side  to  tilt  the  body  weight  on  to  the 
outer  edge  of  the  foot.     (Fig.  308.) 

Instep-plates  are  radically  unsound,  as  they  compress  the  small 
muscles  of  the  sole  between  the  plate  and  the  bones  of  the  foot,  and  so 
prevent  them  from  exercising  themselves  and  getting  strong.  They 
will  do  this  naturally  if  relieved  of  undue  strain. 

The  patient  should  practise  movements: 

(a)  Free  inversion  movements  of  the  foot  and  all  movements  of  the 
toes  to  strengthen  the  small  muscles  of  the  foot  and  the  tibials. 

(&)  Tiptoe  exercises,  coming  down  on  the  outer  edge  of  the  foot — 
never  down  in  the  flat-foot  position. 

Contrast-bathing  by  plunging  the  foot  rapidly  in  hot  and  cold  water 
alternately  is  a  great  stimulus  to  the  circulation  and  will  prevent  the 
muscles  from  getting  cramped  and  stiff. 

All  these  points  are  of  value  in  training  and  hardening  recruits.  In 
ninety-nine  cases  out  of  a  hundred  pain  in  the  feet  is  mechanical  strain, 
not  'rheumatism';  and  if  the  recruit's  boots  were  raised  on  the  inner 
side  of  the  heel  he  would  be  very  rarely  off  the  parade  ground. 

The  above  line  of  treatment  is  applicable  to  all  cases  in  which  the 
patient  can  voluntarily  invert  his  feet  and  walk  on  the  outer  edge. 

In  stiff  flat-foot  he  cannot  do  so  for  mechanical  reasons;  in  acute 
flat-foot  pain  prevents  it. 

Acute  flat-foot  is  due  to  sudden  straining  of  all  ligaments  about  the 
tarsus ;  the  whole  foot  and  tarsus  becomes  acutely  tender  and  somewhat 
swollen.  It  may  come  on  by  injudicious  exercise;  it  is  common,  for 
example,  in  nurses  who  are  sent  on  duty  too  soon  after  an  illness. 

It  may  come  on  after  a  foot  has  been  crushed  or  after  a  sprained 
ankle. 
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Here  there  has  been  an  injury  associated  with  effusion  which  has 
softened  and  loosened  ligaments.  After  a  few  days'  rest  the  patient 
feels  better — goes  for  a  long  walk  before  his  ligaments  have  hardened 
up,  and  develops  an  acute  flat-foot.  In  cases  of  unilateral  flat-foot  there 
is  nearly  always  a  history  of  accident  to  the  affected  foot,  it  may  be 
weeks  before. 

Treatment. 

1.  Complete  rest  in  bed  and  massage  to  get  rid  of  swelling. 

2.  A  week  in  plaster  of  Paris  with  the  foot  fully  inverted  to  let  all 
stretched  structures  shorten. 

3.  Commence  exercise  and  wear  boots  with  crooked  heels,  walk  with 
feet  parallel  exactly  as  has  been  described  above. 

Rigid  flat-foot  may  be — 

1.  The  end  stage  of  an  untreated  flat-foot  of  purely  static  origin. 

2.  The  final  stage  of  a  crushed  or  injured  foot  which  was  not 
bandaged  in  the  inverted  position  and  treated  as  described  above. 

3.  The  final  stage  of  an  arthritis  or  a  gonorrhoeal  periarthritis,  where 
the  patient  has  walked  on  the  foot  before  the  ligaments  were  strong. 

Every  general  injury  of  the  foot — crushes,  fractures,  &c. — ^should 
be  protected  against  becoming  a  flat-foot  by  not  letting  the  patient  walk 
until  he  has  had  the  heel  of  the  boot  crooked  to  deviate  weight  to  the 
outer  side,  and  if  the  injury  has  been  severe,  an  outside  brace  as  well. 

Treatment  of  rigid  flat-foot.  The  treatment  is  to  convert  the  foot 
into  an  acute  case  by  giving  an  anaesthetic,  breaking  down  all  adhe- 
sions with  Thomas's  wrench  (Fig.  300).  It  is  no  use  breaking  down 
only  some  of  them.  The  foot  must  be  wrenched  in  every  direction,  till 
it  is  perfectly  pliable;  then  put  in  plaster  for  ten  days  in  the  inverted 
position;  after  that  the  patient  starts  walking  in  a  boot  with  crooked 
heel,  and  can  generally  return  to  light  duty  in  a  month  after  the  foot  is 
wrenched. 

A  common  type  of  flat-foot  is  due  to  spasm  of  the  peroneus  longus 
and  brevis  muscles,  probably  the  result  of  strain  at  their  insertion.  It 
presents  all  the  appearance  of  an  osseous  flat-foot;  the  foot  is  quite  rigid 
and  voluntary  inversion  cannot  be  performed,  but  under  an  anaesthetic 
the  deformity  disappears.  Such  cases  are  troublesome,  and  are  best 
treated  by  excision  of  half  an  inch  of  both  tendons  just  above  the  external 
malleolus,  followed  by  inversion  of  the  foot  with  adduction  at  the  mid- 
tarsal  joint  and  fixation  in  plaster  for  a  fortnight.  The  subsequent  treat- 
ment is  the  same  as  that  for  ordinary  flat-foot. 

Alteration  of  boots,  with  or  without  braces,  are  of  no  avail  in  rigid 
forms  of  flat-foot  until  the  patient's  foot  has  been  forcibly  inverted. 

Hallux  rigidus.     This  affection  is  proving  a  source  of  considerable 
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trouble  amongst  our  recruits.    It  consists,  as  its  names  implies,  of  a  stiff- 
ness of  the  big-toe  joint  accompanied  by  pain. 

The  first  objective  symptom  is  an  obstruction  to  full  extension  of  the 
joint,  which,  as  the  disease  progresses,  results  in  fixed  flexion  at  the 
metatarso-phalangeal  joint.  Swelling  may  not  be  present,  but  some- 
times there  is  lipping  of  the  bones,  and  it  is  often  associated  with  flat-foot. 

It  may  be  produced  by  '  stubbing '  the  toe  or  by  a  direct  blow,  but 
usually  comes  on  gradually,  and  is  often  asso- 
ciated with  a  strained  foot  which  is  becoming 
flat.  In  an  unconscious  effort  to  save  the 
arch  the  patient  attempts  to  maintain  it  by 
digging  his  great  toe  on  the  sole  of  his  boot. 
The  joint  may  become  very  tender,  and  in 
old  cases  quite  stiff.  When  marching  the 
soldier  cannot  get  off  his  toe  as  he  steps  off, 
because  he  cannot  dorsiflex  it. 

Treatment.  A  bar  across  the  boot  about 
half  an  inch  thick  just  behind  the  head 
of  the  metatarsal  makes  the  neck  of  the 
metatarsal  bear  the  body  weight  instead  of 
the  joint  (Fig.  316). 

In  later  stages  where  the  joint  is  very 

tender  it  is  more  satisfactory  to  excise  the  c-        .£     a        . c„.» 

,       ,        ,   ,  ,      ,        ■    ,  Fig.  316.    Bae  acboss  Sole, 

head  and  form  a  pseudarthrosis  by  covermg  behind  Tread. 

the  head  of  the  bone  with  subcutaneous  fascia 
or  the  bursa.    Such  a  false  joint  restores  the  function  of  the  foot. 

Hallux  valgus.  Hallux  valgus  is  an  outward  displacement  of  the 
great  toe.  It  may  give  rise  to  very  crippling  symptoms,  or  it  may  not 
even  be  inconvenient.  The  joint  may  stand  an  ordinary  amount  of 
strain,  but  disable  the  recruit  on  long  marches. 

In  extreme  cases  considerable  alteration  in  the  relationship  of  the 
bones  of  the  metatarso-phalangeal  joint  may  take  place.  As  the  phalanx 
travels  to  the  outer  side,  the  head  of  the  metatarsal  becomes  partly 
uncovered  and  enlarged,  with  irregular  edges  due  to  periosteal  irritation. 
The  skin  over  this  prominence  becomes  thickened,  and  the  bursa  inflamed. 
It  is  the  inflammation  of  this  bursa  which  gives  rise  to  the  painful  symp- 
toms sometimes  culminating  in  a  cellulitis. 

The  simple  case,  as  in  hallux  rigidus,  can  be  dealt  with  by  placing  a 
bar  across  the  boot-sole  (Fig.  316),  but  the  severe  case  requires  opera- 
tion, which  should  not  be  undertaken  until  all  inflammatory  symptoms 
are  in  complete  abeyance.  A  pseudarthrosis  of  the  joint  should  be  the 
aim,  when  the  bursa  can  be  placed  over  the  metatarsal  bone  after  the 
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head  and  neck  are  exsected,  or  a  thin  slice  of  the  head  with  its  cartilage 
can  be  applied  to  the  metatarsal  after  the  removal  of  the  neck;  thus  a 
good  weight-bearing  joint  may  be  secured. 

Excision  of  the  joint  is  advised  by  some  surgeons.  This  operation 
is  not  a  success  when  performed. 

Hammer-toeSy  which  give  rise  to  marked  disability  and  often  pre- 
vent the  patient  from  completing  route  marches,  should  never  be  ampu- 
tated, as  this  leads  to  secondary  deformities.  An  elliptical  incision 
should  be  made  over  the  angulation,  and  the  skin  and  bursa  removed; 
then  a  wedge  from  the  phalanges  should  be  removed  sufficiently  large 
to  permit  of  correction  of  the  deformity,  and  the  toe  is  allowed  to 
ankylose  in  a  straight  position. 

Metatarsalgia.  This  affection  is  characterized  by  a  cramping  pain, 
more  or  less  spasmodic,  situated  below  the  metatarso-phalangeal  joint  of 
either  the  second,  third,  or  fourth  metatarsal  heads,  much  more  generally 
the  fourth. 

It  is  due  to  a  flattening  of  the  transverse  arch  and  pressure  upon  the 
twigs  of  the  external  plantar  nerve. 

The  treatment,  if  radical,  is  effective — it  should  consist  of  removal 
of  the  painful  metatarsal  head. 

Palliative  treatment  should  consist  in  placing  a  bar  of  leather  across 
the  boot  under  the  tread,  just  behind  the  heads  of  the  metatarsals. 

MALPOSITION  OF  JOINTS  AFTER  AMPUTATION 

During  the  recovery  of  stumps  after  amputation,  care  should  be 
taken  to  procure  a  free  range  of  movement  in  the  neighbouring  joints. 
Otherwise  difficulties  will  arise  when  the  time  comes  for  fitting  artificial 
limbs.  This  is  especially  important  in  the  hip  and  shoulder.  Quite  a 
large  proportion  of  cases  are  returned  with  flexion  at  the  hip,  which  can 
only  be  accurately  detected  by  flexing  the  sound  limb  on  the  patient's 
chest,  when  it  will  be  found  that  the  stump  cannot  be  fully  extended; 
in  other  instances  there  will  be  limitation  in  abduction,  adduction,  or 
rotation.  The  shoulder  may  be  similarly  handicapped  after  amputation 
through  the  arm.  To  prevent  this,  the  position  of  the  stump  should  be 
frequently  changed  during  healing — a  process  so  often  delayed  by  sup- 
puration— and,  in  addition,  the  joint  should  be  put  through  its  full  range 
of  movements  two  or  three  times  a  week.  Deformities  which  have  been 
allowed  to  take  place  during  recovery  will  require  complete  correction 
before  an  artificial  limb  can  be  effectively  worn. 

If  deformity  is  threatened  by  contraction  of  scar  tissue,  it  is  impera- 
tive that  the  limb  be  placed  for  an  extended  period  in  a  position  opposed 
to  the  pull  of  the  scar. 
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CHAPTER  I 
INTRODUCTORY 

I  HAVE  thought  it  well  to  commence  with  an  account  of  the  method 
of  Graduated  Contraction  and  its  uses,  for  the  keynote  of  the  treatment 
in  both  chronic  and  acute  cases  of  injury,  as  outlined  in  the  following 
pages,  lies  in  the  treatment  of  the  muscles. 

The  results  of  the  treatment  of  muscle  wasting  and  of  muscle  insuffi- 
ciency are  good,  and  I  am  certain  that,  as  this  method  becomes  more 
widely  known,  it  will  be  recognized  as  the  ideal  method  for  the  routine 
treatment  of  these  conditions  whenever  circumstances  permit. 

The  method  consists  in  this — the  muscle  is  stimulated  to  contract 
by  an  induced  (faradic)  current,  and  the  contractions  are  exactly  gradu- 
ated both  as  regards  degree  and  rhythm  by  the  operator. 

In  so  far  as  the  stimulus  is  a  battery  current  the  method  is  an  elec- 
trical one,  but  the  restoration  of  muscle  tone,  the  essential  factor  in 
producing  recovery,  is  brought  about  by  the  muscular  contractions  them- 
selves, and  not  by  the  electricity  per  se. 

The  current  is  used  to  make  the  muscle  contract  to  any  desired  extent, 
from  the  minimal  to  the  maximal  degree,  which  the  particular  muscle 
is  capable  of,  and  there  its  use  ends.  There  is  no  question  of  giving 
electricity,  or  of  passing  currents  through  the  muscles.  Any  general 
effects  of  electricity  on  the  patient  may  be  entirely  disregarded. 

Muscular  contraction  is  what  is  wanted  to  restore  muscle  tone,  and 
with  it  muscle  function.  Given  an  intact  nerve-supply,  contractions  can 
be  obtained  in  muscle,  no  matter  how  wasted. 

The  contractions  brought  about  by  this  form  of  stimulus  simulate 
very  closely  normal  physiological  contractions.  To  so  great  an  extent 
is  this  the  case  that  anyone  seeing  a  patient  under  treatment,  and  observ- 
ing that  his  joint  was  being  moved  by  the  action  of  his  own  muscles, 
would  suppose  that  the  movements  were  voluntary  movements  and 
under  the  patient's  own  control. 

As  an  instance  of  this,  if  the  leg  is  allowed  to  hang  over  the  edge  of 
a  couch  with  the  knee  flexed — ^all  the  muscles  being  relaxed — and  the 
quadriceps  be  stimulated,  contraction  of  that  muscle  group  is  followed 
by  extension  of  the  leg  at  the  knee-joint,  exactly  as  though  the  patient 
himself  were  performing  a  voluntary  movement 
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Now  a  point  of  very  great  importance  in  this  connection  is  that, 
although  the  wasting  may  be  so  profound  that  the  patient  cannot  volun- 
tarily contract  the  affected  muscle  group,  yet  contractions  can  be  brought 
about  by  this  method  of  stimulation. 

And  further,  as  a  direct  result  of  this,  the  muscle  tone  is  gradually 
restored,  until  the  muscle  shortens  to  such  a  degree  as  to  enable  the 
patient  to  produce  contractions  voluntarily. 

In  these  cases  of  muscle  wasting  it  has  become  the  fashion  in  recent 
years  to  advise  massage.  Now  treatment  by  massage  alone  is  very 
tedious  and  very  slow  in  producing  a  good  result.  It  is  no  uncommon 
thing  for  a  patient  to  give  a  history  of  from  four  to  six  months'  disability 
from  insufficiency  of  the  quadriceps,  and  to  have  had  treatment  by 
massage  during  the  greater  part  of  that  time. 

I  have  had  cases  brought  to  me  in  which  long  courses  of  massage 
treatment  have  entirely  failed  to  build  up  the  wasted  muscle,  and  some 
such  are  quoted  in  the  following  pages. 

Of  course,  the  treatment  by  means  of  active  exercises  against  gradu- 
ated resistance  will  build  up  muscle,  but  this  method  is  not  applicable  to 
the  worst  cases. 

Until  a  muscle  can  be  voluntarily  contracted  by  the  patient,  how  can 
it  be  exercised?  In  my  experience  even  the  so-called  assisted  exercises 
are  of  but  little  service  when  the  atrophy  is  very  marked ;  but  this  whole 
question  is  discussed  more  fully  in  the  last  chapter. 

Moreover,  it  is  there  pointed  out  exactly  at  what  stage  in  treatment 
exercises  can  be  used  with  advantage,  gradually  replacing  at  first,  and 
with  advancing  recovery  ultimately  supplanting  this  more  specialized 
method. 

Mr.  J.  E.  Adams,  in  an  article  in  the  Practitioner  in  19 15,  came 
to  a  similar  conclusion  as  the  outcome  of  seeing  the  results  of  treatment 
by  the  various  methods  as  practised  at  St.  Thomas's  Hospital. 

All  the  structures  which  form  part  of  a  joint  are  necessary  for  its 
normal  function:  bone,  cartilage,  synovial  membrane,  ligaments  and 
muscles,  and  in  certain  joints  intra-articular  fibro-cartilages  in  addition. 

Depending  on  the  severity  of  the  lesion,  any  or  all  of  these  structures 
may  be  damaged  to  a  greater  or  less  extent,  but  in  every  case  the  muscu- 
lature suffers. 

On  this  important  fact,  nothing  like  sufficient  stress  is  laid.  As  a 
result  of  joint  injury,  or,  for  that  matter,  joint  disease,  the  muscles 
which  normally  control  the  movements  of  that  joint  waste.  Moreover, 
this  wasting  is,  if  one  may  use  the  term,  *  active ' — it  is  not  simply 
wasting  from  disuse. 

The  explanation  of  this  lies  in  the  fact  that  the  joint  and  the  muscles 
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only  ;  Ihc  ta*in  eou  it 
«iCB*ecl  in  tbe  bos. 


Fig,  317.    Battery,    Side  View. 


Fig.  318.    Battery,    End  View,  showing  Core  Withdrawn, 
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which  normally  control  its  movements  are  supplied  by  the  same  nerves. 
In  other  words,  the  wasting  is  reflex. 

In  the  case  of  the  knee-joint  this  wasting  is  most  marked  in  the  vastus 
internus.  The  nerve  to  the  vastus  intemus  supplies  by  far  the  largest 
articular  branch  to  this  joint,  which  appears  to  be  the  explanation.  With 
injury  to  the  shoulder-joint,  the  wasting  is  most  marked  in  the 
deltoid. 

In  the  case  of  a  joint  undamaged  and  kept  at  rest  for  some  other 
purpose,  the  muscles  will  not  show  anj-thing  like  the  same  degree  of 
atrophy  as  will  those  of  an  injured  joint  under  similar  conditions. 

Both  the  shoulder  and  the  knee  are  far  more  dependent  for  their 
strength  and  security  on  the  muscles  than  on  the  ligaments,  excepting, 
of  course,  the  crucial  ligaments  in  the  case  of  the  knee,  and  these  struc- 
tures are,  fortunately,  but  rarely  damaged. 

In  the  case  of  the  ankle  and  wrist,  excluding  complete  rupture  of  a 
lateral  ligament,  restoration  of  muscle  tone  is  accompanied  by  complete 
return  of  function,  and  I  do  not  think  sufficient  stress  is  laid  on  the 
importance  of  the  muscles  to  the  integrity  of  either  joint. 

In  cases  of  joints  almost  entirely  dependent  on  the  ligaments  for 
their  strength,  such  as  the  sterno-clavicular,  or  acromio-clavicular,  natur- 
ally the  importance  given  here  to  the  state  of  the  muscles  cannot  apply 
to  the  same  extent. 

Now  it  is  essential  to  the  proper  carrying  out  of  the  treatment  that 
the  patient  be  absolutely  relaxed.  If  he  is  receiving  painful  stimuli  this 
is  impossible. 

It  is  quite  impossible  to  carry  out  treatment  by  this  method,  using 
the  ordinary  faradic  coil,  as  supplied  by  the  instrument  makers,  on 
account  of  the  fact  that  the  stimulus  from  such  a  coil  is  painful — due  to 
the  so-called  '  faradic  effect '  on  the  skin.  This  tingling,  pricking  sen- 
sation becomes  marked  as  the  current's  intensity  is  increased,  and  the 
patient  is  sure  to  resist. 

The  battery  recommended  consists  of  a  specially  wound  coil,  actu- 
ated by  dry  cells,  or  by  accumulators.  The  primary  and  secondary 
windings  are  both  of  thick  wire.  The  secondary,  which  is  the  current 
used,  can  be  tapped  from  either  one,  two,  or  three  layers,  depending  on 
the  strength  required. 

The  interrupter  must  be  quite  regular  in  action,  and  there  should  be 
no  visible  spark  at  the  make  and  break;  a  condenser  is  placed  in  the 
circuit  for  this  purpose.  The  coil  is  one  which  yields  a  secondary  cur- 
rent of  very  low  voltage  and  which  is  practically  painless.* 

*  A  satisfactory  coil  is  now  made  by  Messrs.  Schall  and  Co.,  New  Cavendish 
Street,  after  prolonged  experiment. 
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Fic.  319.  Graduated  Contraction — ist  Stage.  Position  of  Rest.  Note 
position  of  soft  iron  core  fully  withdrawn,  and  the  weight  of  the  arm,  supported 
on  a  pillow,  with  all  the  muscles  completely  relaxed.  Notice  position  of  hand 
grasping  the  electrode  and  the  muscle. 


Fig.  320.    2ND  Stage.     Slight  Contraction.     Note  partial  insertion  of  • 
and  commencing  contraction  in  the  deltoid. 


Fig.  321.    3RD  Stage.     Complete  Contraction  of  Deltoid  with   Abduction 
OF  Arm.    Note  that  the  core  is  pushed  well  in. 
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The  intensity  of  the  stimulus  is  varied  at  will  by  pushing  in  and 
withdrawing  the  soft  iron  core  in  the  primary  coil. 

When  the  core  is  fully  withdrawn,  there  is  no  contraction,  although 
of  course  the  current  is  passing.  As  the  core  is  gently  pushed  in  the 
muscle  commences  to  contract,  and  as  it  is  withdrawn  the  contraction 
passes  off. 

The  contraction  is  perfectly  controlled  from  minimal  to  maximal 
and  the  amount  of  contraction  is  in  direct  ratio  to  the  degree  of  insertion 
of  the  core. 

Any  degree  of  contraction  can  be  obtained,  from  the  slightest  tremor 
of  the  muscle  fibres  followed  by  relaxation  (as  in  the  treatment  of  an 
acute  lesion  in  the  early  stage)  through  the  stage  in  which  the  tendon  is 
made  to  stand  out  prominently  without  movement  of  the  joint  on  which 
it  exerts  traction,  to  the  complete  contraction  of  the  muscle  belly,  with 
the  tendon  standing  out  prominently  and  movement  of  the  joint ;  that  is, 
every  degree  of  contraction,  and  each  degree  controlled  absolutely  by 
the  operator. 

If  the  core  is  gradually  inserted  until  the  muscle  contracts  to  its 
maximum  and  then  equally  gradually  withdrawn,  the  contraction  will 
pass  off  just  as  gradually. 

This  graduation  is  the  keynote  of  the  method.  Everyone  knows  that 
a  faradic  current  applied  to  a  muscle  will  cause  contraction  in  that 
muscle,  but  repeated  and  haphazard  stimulation,  although  producing 
contraction,  will  not  in  practice  produce  the  restoration  of  muscle  func- 
tion, which  is  the  result  aimed  at. 

Another  method  which  I  have  used  in  a  considerable  number  of  cases 
for  the  regeneration  of  wasted  muscle,  especially  at  St.  Thomas's  Hos- 
pital, and  which  I  employed  as  a  labour-saving  device,  consists  in  leaving 
the  core  sufficiently  inserted  to  cause  a  considerable  degree  of  contrac- 
tion, and  to  effect  sudden  contraction  and  relaxation  by  making  and 
breaking  the  secondary  current  zna  a  metronome.  Every  time  the  cross 
wire  on  the  metronome  dips  into  the  mercury  cup,  a  contraction  occurs 
and  passes  off  as  the  dipper  breaks  contact. 

We  have  found  in  practice  at  St.  Thomas's  Hospital  that  to  restore 
tone  and  function  to  a  wasted  muscle  group  by  this  method  takes  from 
two  to  three  times  as  long  as  when  the  graduated  method  is  used,  and  the 
core  gently  and  gradually  inserted  and  withdrawn  by  hand. 

This  is  interesting  as  helping  to  prove  that  the  Rhythmic  Graduated 
Contractions  are  the  form  of  stimulus  to  which  the  muscle  reacts  best. 


CHAPTER  II 

THE  TECHNIQUE  OF  THE  TREATMENT  BY  GRADUATED 
CONTRACTION 

In  order  to  make  the  treatment  by  this  method  clear,  I  will  proceed 
to  describe  in  detail  the  actual  treatment  of  a  muscle  group,  and  will 
take  the  quadriceps  as  an  example.  With  the  obvious  alterations  in  the 
position  of  the  pads  and  so  forth,  the  description  is  equally  applicable  to 
any  other  muscle  or  group  of  muscles. 

The  patient  is  placed  on  a  low  bed  or  couch  with  the  lower  extremity 


Fig.  322.    Position  for  Stimulating  Quadriceps.    Knee  semi-flexed  over  sand- 
bags and  all  muscles  fully  relaxed. 

bare.  It  is  not  enough  to  turn  up  loose  trousers,  as  it  may  be  necessary 
to  stimulate  high  up  the  thigh. 

The  affected  limb  has  a  sandbag  placed  under  the  semi-flexed  knee 
in  order  that  it  may  lie  absolutely  easily  and  at  rest,  and  between  the 
knee  and  the  sandbag,  and  held  in  place  by  the  latter,  is  placed  the  indif- 
ferent electrode.  This  is  a  metal  plate,  roughly,  five  by  four  inches. 
This  is  attached  to  one  terminal  of  the  battery,  and  of  course  it  does  not 
matter  to  which.  The  plate  is  covered  with  two  or  three  layers  of  lint, 
made  wet  (and  not  merely  moistened)  with  water,  to  which  a  little  salt 
has  been  added. 

The  other  electrode,  the  active,  a  small  metal  disc  about  the  size  of 
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a  five-shilling  piece,  covered  with  lint  and  made  wet.  is  grasped  in  the 
cleft  between  the  thumb  and  first  finger  of  the  operator's  left  hand. 

The  operator  sits  at  the  patient's  right  side  with  the  battery  on  a  small 
table  in  front  of  him.  Everything  must  be  so  arranged  that  he  can  work 
the  core  of  the  coil  with  his  right  hand,  and  comfortably  reach  the 
patient's  muscle  with  his  left. 

The  active  electrode  is  placed  in  contact  with  the  quadriceps  at  a  point 


Fig.  323.  Stimulation  of  Quadriceps  with  Extension  of  the  Leg.  In 
this  case  the  patient  was  totally  unalile  to  make  any  voluntary  extension  on 
account  of  the  complete  wasting  and  lengthening  of  the  quadriceps  from  loss  of 
tone,  arising  from  knee  injury. 

about  the  mid-line  of  the  thigh  in  front,  at  the  junction  of  the  upper  and 
middle  thirds. 

This  is  the  common  point  of  stimulation  for  the  rectus,  crureus,  and 
external  vastus. 

The  electrode  is  placed  on  the  muscle,  and  the  muscle  substance  is 
grasped,  together  with  the  electrode,  between  the  thumb  and  first  finger. 

These  instructions  may  seem  somewhat  laboured,  but  it  is  necessary 
to  feel  the  amount  of  contraction,  and  I  have  seen  so  many  people  fail 
to  grasp  the  meaning  and  significance  of  this  simple  point  that  it  cannot 
be  too  strongly  insisted  on. 

The  right  hand  gradually  inserts  the  core  whilst  the  left  appreciates 
the  amount  of  contraction.  The  core  should  be  inserted  and  withdrawn 
evenly  and  rhythmically  at  a  rate  of  aliout  seventy  times  a  minute.  The 
degree  of  contraction  being  thus  exactly  controlled  and  appreciated,  such  a 
degree  as  is  deemed  necessary  can  be  obtained. 

If  the  muscles  are  much  wasted,  the  leg  will  not  be  raised  from  the 
couch  by  the  contraction,  for  the  wasted  muscles  will  be  lacking  in  tone 
and  incapable  of  a  normal  degree  of  contraction.     But  the  muscle  will 
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be  felt  to  contract  by  the  operator's  left  hand,  the  patella  will  be  drawn 
up  slightly,  and  the  ligamentum  patellae  rendered  tense. 

If  the  wasting  is  slight,  the  action  of  the  quadriceps  will  produce 
rhythmical  extension  of  the  leg. 

When  this  portion  of  the  quadriceps  has  been  treated  for  some  two  or 
three  minutes,  it  should  be  allowed  to  rest,  and  the  two  other  important 
muscles  should  be  dealt  with  in  turn,  viz.,  vastus  internus  and  the  tensor 
fasciae  femoris. 

The  point  of  stimulation  for  the  vastus  internus  is  an  inch  or  two 
above  and  just  internal  to  the  lateral  border  of  the  patella.  When  this 
muscle  is  contracted  it  will  be  seen  to  have  little  or  no  action  in  raising 
the  patella.  It  is,  in  my  experience,  the  muscle  that  wastes  most  rapidly 
and  most  completely  in  injuries  of  the  knee.  The  vastus  internus,  or 
rather  its  lower  fibres,  appear  to  act  largely  as  a  support  to  fix  the  knee, 
and  form  a  strengthening  buttress  for  the  inner  part  of  the  capsule  and 
very  little  as  an  extensor. 

This  may  also  account  for  the  fact  that  active  exercises  against  resist- 
ance— ^as  in  the  *  stationary  bicycle '  and  various  forms  of  Zander  appa- 
ratus— ^have  far  less  effect  in  restoring  the  vastus  internus  than  they 
have  on  the  other  members  of  the  quadriceps  group. 

By  Graduated  Contraction  the  tone  of  this  muscle  is  restored  and 
function  regained  as  easily  as  is  that  of  the  other  muscles,  and  the  treat- 
ment therefore  presents  no  difficulty. 

The  tensor  fasciae  femoris  is  the  other  important  muscle  to  exercise  in 
these  knee  cases.  It  can  be  put  in  action  by  stimulating  at  the  outer 
margin  of  the  thigh  in  the  upper  third.  It  will  be  obvious  when  the 
right  point  is  reached,  as  the  fascia  lata  (ilio-tibial  band)  stands  out 
strongly  each  time  the  muscle  is  made  to  contract. 

The  tensor  fasciae  femoris  is  of  the  utmost  importance  in  supporting 
the  body- weight  in  the  upright  position  and  with  the  minimum  of  effort, 
and  it  should  be  treated  regularly  and  systematically  at  each  sitting.  I 
do  not  think  enough  importance  is  attached  to  this  small  muscle  in  treat- 
ment of  wasted  quadriceps  as  a  rule,  and  it  is  difficult  to  get  at  by  mas- 
sage and  not  easy  to  exercise. 

The  treatment  of  the  whole  quadriceps  group,  with  a  minute  or  two 
spent  on  the  adductors,  takes  about  twenty  minutes  in  an  average  case, 
but  it  is  not  possible  to  lay  down  hard  and  fast  rules  as  to  the  amount  of 
stimulation  required,  as  this  varies  with  each  case. 

No  one  point  is  stimulated  for  so  long  a  time  as  to  induce  fatigue  in 
the  muscle.  The  signs  of  oncoming  fatigue  are  not  easy  to  describe, 
and  this  whole  question  of  fatigue  is  of  great  importance.  If  the 
muscles  be  over-exercised,  the  patient  will  next  day  complain  of  stiffness 


840 


JOINT  AND  MUSCLE  INJURIES 


and  aching,  and  recovery  is  retarded. 

A  markedly  wasted  muscle  group  is 
stimulated  for  less  time  than  a  more 
normal  one,  and  the  actual  contrac- 
tions should  always  be  submaximal. 
This  degree  of  contraction  is  gradually 
increased  from  day  to  day  as  the  musde 
recovers  tone  with  treatment. 

Experience  and  the  handling  of 
cases  alone  can  guide  one  as  to  tbe 
amount  of  treatment  which  is  necessary 
for  any  particular  case. 

It  is  infinitely  better  to  do  too  little 
than  too  much.  The  only  sign  I  know 
of  that  the  muscle  has  done  as  much 
work  as  is  desirable  is  that  the  charac- 
ter of  the  contraction  tends  to  change. 
In  place  of  the  firm  physiological  con- 
traction of  the  whole  muscle,  one  sees 
rather  a  local  contraction  in  the  neigh- 
bourhood of  the  stimulating  electrode, 
and  a  tremor  or  irregular  contraction  be- 
ginning to  result  from  the  stimulation. 

After  the  main  quadriceps  (rectus, 
vastus  externus,  and  crureus)  has  been 
dealt  with  for  a  minute  or  so,  the  vastus 
intemus  is  stimulated,  then  the  tensor, 
then  the  quadriceps  again,  and  so  on. 

There  is  one  practical  point  to  men- 
tion here,  and  that  is,  do  not  stimulate 
too  far  over  to  the  inner  side  without 
caution.  The  marked  contraction  of 
the  main  group,  with  free  insertion  of 
the  core  necessary  to  produce  it,  is  pain- 
less; but  if  the  active  electrode  is  taken 
over  to  the  inner  side  and  as  strongly 
stimulates  the  sartorius  it  will  cause 
pain. 

The  sartorius  reacts  more  readily, 
in  other  words,  gives  its  maximum  con- 
traction to  a  less  stimulus,  and  so  may  be  overstrained  and  give  rise  to 
pain  if  carelessly  or  too  vigorously  dealt  with. 


KiG.  324.  Actual  Points  to  be 
Stimulated  in  Treating  the  Mus- 
cles OF  THE  Lower  Extremity. 

a.  Tensor  fasciae  femoris. 

b.  Common  point  for  main  ex- 

tensor. 

c.  Vastus  internus. 

d.  Tibialis  anticus. 

e.  Extensor  longrus  digitorum. 
/,  Peronei. 
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During  the  treatment  the  patient  must  be  absolutely  relaxed.  Then 
the  treatment  is  painless.  If  he  should  strain  at  all,  it  at  once  gives  rise 
to  pain.  Never  stimulate  if  he  moves,  and  if  he  moves  or  strains  whilst 
the  contraction  is  being  produced  at  once  allow  the  muscle  to  relax  by 
withdrawing  the  core.  With  a  little  practice  the  control  is  so  perfect 
that  even  with  a  nervous  patient  the  whole  treatment  can  be  carried  out 
painlessly. 

The  tone  is  improved  in  one  sitting,  and  an  amount  of  contraction 
impossible  at  the  start  may  be  quite  easily  produced  after  a  few  minutes 
and  the  joint  moved  by  the  active  contraction  of  the  muscle.  This  effect 
is  only  transitory  at  first,  and  passes  off  in  an  hour  or  so,  but  lasts  for  a 
longer  time  after  each  treatment  until  the  tone  is  restored  perma- 
nently. 

The  method  of  treating  cases  is  so  easy  after  a  little  practice  that 
the  following  instructions  may  seem  superfluous,  but  I  call  attention  to 
them  here  because  I  know  from  experience  how  much  more  quickly  a 
case  progresses  if  the  operator  is  experienced,  than  it  does  if  he  has  had 
but  little  practice  in  using  this  battery. 

First,  the  position  of  the  patient  must  be  such  that  there  is  absolutely 
no  strain  or  muscular  effort.  In  treating  the  deltoid  region  or  forearm, 
there  must  be  no  weight  on  the  shoulder  girdle — i.e,  the  arm  must  be 
supported  and  not  simply  allowed  to  hang  down.  If  the  lower  extremities 
are  being  treated  the  patient  lies  on  a  couch  with  a  support  under  the 
affected  knee. 

Again,  after  any  one  contraction  the  stimulus  must  be  decreased  until 
complete  relaxation  takes  place.  If  the  muscle  is  kept  partly  tetanized, 
it  will  waste,  as  has  been  shown  experimentally. 

All  screws  and  connections  with  the  wire  and  electrodes  must  be  firm, 
and  the  electrodes  themselves  really  wet  and  not  simply  moistened.  In 
this  way  there  is  no  waste  of  current,  and  therefore  a  weak  current  will 
produce  the  contraction.  This  is  desirable,  as  strong  currents  naturally 
tend  to  become  unpleasant,  and  would  cause  the  patient  to  resist.  As 
regards  the  position  of  the  pads,  the  active  electrode  is  always  in  the  left 
hand,  and  applied  direct  to  the  muscle,  or  its  motor  nerve.  Broadly 
speaking,  the  point  of  maximum  stimulus  is  at  the  motor  point. 
It  must  be  remembered  that  very  often — in  fact,  in  most  cases — it  is 
a  group  of  muscles  rather  than  an  individual  muscle  which  is  being 
treated. 

The  size  of  the  electrode  recommended  obviates  any  difficulty. 

The  three  main  points  of  stimulation  were  noted  in  dealing  with 
'quadriceps'  cases.  Below  the  knee  the  motor  points  suffice  for  the 
anterior  muscles.    The  action  of  these  muscles  in  moving  and  controlling 
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the  ankle-joint  can  be  beautifully  shown.  The  motor  points  for  the 
tibialis  anticus,  extensor  longus  digitorum,  and  the  peroneal  nerve,  wind- 
ing round  the  neck  of  the  fibula,  for  the  peronei  muscles  are  the  points 
of  stimulation. 

Pure  action  of  any  of  these  muscles  can  be  obtained,  and  in  the  case 
of  the  first  dorsiflexion  of  the  foot  w^ith  inversion,  and  of  the  third 
dorsiflexion  with  eversion  are  produced. 

These  movements  thus  produced  are  of  importance  in  dealing  with 
sprains  and  allied  injuries  of  the  ankle-joint. 

We  are  not  dealing  here  wnth  muscle  nerve-testing,  and  it  is  obvious 
that  stimulation  of  the  peroneal  nerve  will  cause  both  the  peroneus  longus 
and  brevis  to  act.  This  is  what  is  required  in  treatment,  as  in  this  situa- 
tion in  practice  the  two  peronei  go  together  in  the  movement  of  dorsi- 
flexion with  eversion. 

The  indifferent  electrode  may  be  placed  anywhere.  Usually  it  is  best 
put  under  the  knee  in  cases  in  which  the  lower  limb  is  to  be  stimulated; 
between  the  scapulae  if  the  upper  limb  is  being  dealt  with  or  if  the  erector 
spinae  is  being  redeveloped. 

When  treating  the  scapular  muscles,  the  indifferent  electrode  may 
be  placed  in  the  lumbar  region. 

For  the  flexors  of  the  hand  and  wrist,  it  may  be  placed  either  between 
the  scapulae  or  on  the  inner  side  of  the  arm,  but  in  dealing  with  the 
extensors  of  the  hand  I  usually  tie  it  to  the  back  of  the  wTist.  In  this 
situation  a  more  complete  control  is  given  by  this  means,  and  there  is 
better  movement  in  treating  the  extensors  in,  say,  a  recovering  musculo- 
spiral  lesion  or  a  Colles's  fracture. 

The  electrodes  should  be  plain  metal,  simply  covered  wath  a  few  layers 
of  lint  (not  sewn  on)  renewed  for  each  case.  As  ordinarily  supplied, 
covered  with  one  layer  of  flannel,  they  get  dry  too  quickly. 

In  concluding  these  instructions  on  the  technique  employed,  I  wish 
to  point  out  the  necessity  of  practice  with  the  coil. 

It  looks  perfectly  easy  to  contract  the  muscles  gradually  and  rhythmi- 
cally in  any  case,  and  so  it  is,  but  only  after  practice. 

Jerky  movements  of  the  core  and  incomplete  relaxation  between  the 
contractions  are  common  faults,  and  I  would  advise  a  little  practice  with 
normal  muscles  before  injured  ones  are  approached. 

In  acute  cases,  and  particularly  in  dealing  with  fractures  in  their 
early  stages,  the  medical  man  himself  should  carry  out  the  treatment. 
unless  he  can  call  upon  the  services  of  a  competent  and  specially  trained 
masseuse,  who  is  thoroughly  familiar  with  these  conditions. 

The  redevelopment  of  muscle  and  muscle  training,  in  which  the  scope 
for  the  employment  of  this  method  is  so  great,  can  well  be  carried  out 
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Fig.  325,    Stimulation  of  Tiuialis  anticus,  showing  Inversion  of  Foot  with 
doksiflexion, 


Fig.  326.    Stimulation  of  Extensor  longus  dicitorum,  with  Dorsiflexion  of 
Ankle-joint. 


Fig.  327.  Stimulation  of  Peronei.  Notice  the  tendons  standine  out  promi- 
nently behind  the  external  malleolus.  Notice  the  position  of  the  leg,  with  the 
indifferent  electrode  held  in  place  by  a  sandbag,  under  the  semi-flexed  knee,  in 
this  and  the  two  preceding  figures. 
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by  masseuses  or  others  trained  in  the  use  of  the  coil.  This  is  now  routine 
work  in  the  departments  of  two  big  London  hospitals,  and  the  results 
are  excellent  and  will  well  repay  any  time  spent  in  mastering  what  is, 
after  all,  a  fairly  simple  technique. 


CHAPTER  III 
ACUTE  SPRAINS 

The  following  chapter  on  acute  sprains  and  their  management  is 
based  on  personal  experience.  It  is  an  endeavour  to  outline  the  principles 
of  treatment  as  practised  by  the  writer  in  a  large  number  of  cases,  extend- 
ing over  a  period  of  the  last  six  years. 

In  the  first  place,  nothing  like  sufficient  importance  is  attached  to  the 
treatment  of  this  type  of  injury.  From  the  patient's  point  of  view  a 
severe  sprain  is  a  very  real  calamity,  and  not  only  does  he  suffer  a  con- 
siderable amount  of  pain,  but  he  is  incapacitated  from  following  his 
ordinary  avocation  for  a  varying  period.  Indeed,  if  the  condition  be 
neglected,  this  period  may  run  on  into  months. 

If  the  condition  from  the  outset  is  regarded  as  sufficiently  serious, 
and  is  treated  as  such,  complete  recovery  can  be  attained  in  a  reasonably 
short  space  of  time,  and  the  condition  of  chronic  sprain,  with  its  crippling 
adhesions  and  muscular  wasting,  will  be  obviated. 

Sprains  may  be  conveniently  divided  into  two  main  classes : — 

1.  Those  primarily  involving  joints,  of  which  the  sprained  ankle  or 
wrist  are  perhaps  the  commonest  types. 

2.  Those  involving  muscles.  This  type  usually  occurs  in  athletes  and 
people  leading  a  hard  outdoor  life.  The  commonest  situations  for  sprains 
in  my  experience  are  (a)  the  adductor  group,  the  so-called  rider's  sprain; 
(b)  the  calf  of  the  leg  generally  regarded  as  a  torn  plantaris  tendon,  but 
more  probably  due  to  a  tearing  of  some  muscle  fibres  of  the  gastrocnemius 
or  soleus;  (c)  in  the  neighbourhood  of  the  elbow,  produced  by  any  form 
of  exercise,  in  which  full  extension  with  supination  or  pronation  is  fre- 
quently and  violently  performed,  as  in  tennis,  squash  racquets,  fencing, 
golf,  &c. 

Diagnosis.  Before  commencing  the  treatment  of  a  sprained  joint 
it  is  absolutely  essential  to  form  a  correct  estimate  as  to  the  extent  of  the 

damage. 

Every  case  of  sprain,  excepting  the  most  trivial,  and  especially  any 
case  in  which  the  swelling  obscures  the  outline  of  the  joint,  should  be 
submitted  to  X-ray  examination  before  treatment  is  commenced. 

Some  of  the  linear  fractures  without  displacement  are  impossible  to 
diagnose  by  any  other  means,  and  although  the  treatment  may  in  many 
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cases  be  on  similar  lines,  the  prognosis  as  to  time,  and  the  question  of 
bearing  weight  on  the  limb  or  actively  using  the  joint,  may  be  verj- 
materially  altered. 

A  mere  screen  examination  is  not  sufficient,  as  often  a  fracture, 
which  is  {perfectly  obvious  in  the  negative,  is  not  seen,  and  cannot  be 
seen,  on  screening.  More  than  one  view  must  be  taken ;  the  fallacies  of 
a  skiagram  taken,  say,  antero-posteriorly,  and  not  further  investigated 
by  a  lateral  view,  are  well  known.  The  ideal  radiographic  examination 
is  a  double  stereo,  i.e.  two  stereoscopic  views  taken,  one  antero-posterior 
and  the  other  lateral. 

The  percentage  of  so-called  sprains  that  are  in  reality  sprains  com- 
plicated by  fracture  is  much  greater  than  is  generally  realized,  and  the 
consequence  of  overlooking  the  fracture  may  be  disastrous. 

Fractures  or  fracture  dislocations  of  the  carpal  bones,  to  say  nothing 
of  the  more  obvious  fractures  through  the  lower  inch  of  the  radius,  arc 
often  treated  as  simple  sprains  for  a  week  or  two,  and  it  is  only  then 
perhaps,  when  the  case  is  not  improving,  the  pain  is  persistent,  and  there 
is  no  return  of  function,  that  the  patient  himself  insists  on  an  X-ray 
photograph,  or  seeks  other  advice. 

Acute  sprains  of  the  small  interphalangeal  joints,  arising  from  a  fall, 
or  such  actions  as  fielding  a  ball  at  cricket,  are  often  cases  in  which  a 
small  flake  of  the  phalanx  is  fractured.  There  is  no  displacement,  the 
joint  is  swollen  and  its  outline  obscured,  and  the  fracture  cannot  be 
diagnosed  except  by  a  skiagram.  In  these  injuries  to  the  small  joints  of 
the  finger  or  thumb,  the  whole  prognosis  turns  on  the  fact  of  whether 
or  not  there  is  a  fracture  complicating  the  sprain.  If  there  is  no 
fracture,  the  joint  condition  clears  up  readily  under  almost  any  form 
of  treatment — except  prolonged  rest.  But  if  there  is  a  small  scale  of 
bone  detached  and  but  little  displaced,  a  not  uncommon  complication, 
the  prognosis  is  more  serious.  The  swelling  and  disability  will  persist 
for  a  long  period,  the  length  of  time  depending  on  the  treatment  adopted 
to  some  extent. 

I  advise  gentle  massage  and  ionization  with  sodium  salicylate  in  this 
situation,  with  gentle  movements  of  the  joints  such  as  can  be  voluntarily 
performed  by  the  patient  himself.  Nothing  in  the  nature  of  violent 
movement,  the  so-called  passive  movements,  must  be  allowed. 

The  joint  settles  down  as  a  rule  in,  say,  from  a  month  to  six  weeks, 
but  I  have  seen  several  cases  of  this  nature  in  which  the  fracture  was 
uiisuspected  two  months  or  more  from  the  time  of  the  accident.  A  case 
in  point,  of  which  the  skiagram  is  reproduced,  is  perhaps  worth  recording. 

The  patient,  Mrs.  R.,  was  sent  to  me  in  March,  191 1,  suflFering  from 
an  injury  to  the  left  thumb.    Her  history  was  that  she  fell  on  the  hand 
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ten  weeks  before,  and  that  she  had  had  pain  in  the  thumb,  and  also  felt 
pain  in  the  palm  of  the  hand  and  radiating  up  the  arm  ever  since.  She 
had  seen  her  doctor,  who  had  bound  up  the  thumb  in  a  splint  for  four- 
teen days  and  painted  the  joint  with  iodine.     The  condition  had  not 


Fig.  328.  Fhactuhe  of  the  Base  of  the  Terminal  Phalanx  of  the  Thuub 
—WITH  PRACTICALLY  NO  DISPLACEMENT.  The  impossibility  of  making  a  certain 
diagnosis  without  the  help  of  a  skiagram  is  ol^vious. 

improved ;  no  skiagram  had  been  taken ;  she  had  been  told  that  she  had 
'  sprained  the  thumb '. 

When  I  saw  here  there  was  marked  swelling  of  the  interphalangeal 
joint  of  the  thumb,  which  was  painful,  especially  on  pressure,  and  stiff, 
and  she  was  herself  unable  to  flex  the  terminal  phalanx. 

An  X-ray  examination  revealed  a  tiny  oblique  fracture  of  the  base 
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of  the  terminal  phalanx.  Gentle  massage  for  ten  minutes  night  and 
morning  was  ordered,  as  ionization  was  impracticable  in  this  case,  and 
she  was  told  to  use  the  hand. 

The  disability  was  overcome  in  a  few  weeks,  but  the  joint  never 
became  normal. 

In  fracture-sprains  in  this  situation  a  guarded  prognosis  should  be 
given,  for  these  small  joints  do  not  become  quite  normal  again  in  many 
cases.  When,  as  in  the  case  recorded  above,  the  true  nature  of  the 
injury  is  not  recognized,  and  the  lesion  is  regarded  as  trivial  bj'  both 
the  doctor  and  the  patient,  it  is  sometimes  difficult  to  make  the  latter 
understand  that  it  is  the  original  injury  rather  than  the  treatment  which 
was  adopted  in  the  first  case  that  is  accountable  for  the  continuance  of 
the  symptoms. 

Arthritic  changes,  followed  by  thickening,  are  a  common  sequel  to 
injuries  to  these  small  joints,  more  especially  if  vigorous  methods  are 
adopted  to  promote  movement  in  the  early  stages. 

Treatment.  Wherever  possible  in  acute  sprains  the  treatment  by 
Graduated  Contraction  is  commenced  from  the  outset,  and  the  earlier 
the  case  comes  under  treatment  the  sooner  will  it  recover.  Active  treat- 
ment is  commenced  usually  twenty- four  hours  after  the  injury;  it  does 
not  cause  increased  pain,  but  rather  immediate  relief.  The  contractions 
first  produced  should  be  small,  and  nothing  like  full  contraction  of  the 
affected  muscle  should  be  attempted. 

In  a  case  of  joint  sprain,  the  muscles  which  normally  move  and  con- 
trol the  joint  are  treated,  and  the  joint  itself  is  gently  moved  by  their 
contractions.  No  pain  is  produced  even  by  the  joint  movement,  although 
the  patient  may  be  quite  unable  to  produce  that  movement  himself,  volun- 
tarily, on  account  of  pain. 

The  strained  muscle  is  damaged  to  an  extent  depending  on  the  severity 
of  the  accident,  and  its  tone  is  altered. 

What  is  claimed  is  that  restoration  of  normal  tone,  the  essential  factor 
to  recovery,  is  brought  about  more  quickly  by  this  method  than  by  any 
other. 

This  restoration  is  immediate  but  temporary — each  succeeding  treat- 
ment produces  more  lasting  benefit. 

The  patient  is  of  necessity  conscious  of  this  improvement,  and  com- 
mences to  use  the  limb,  and  so  by  active  exercise  hastens  his  own  cure. 

And  here  let  it  be  stated  that  rest  has  no  part  in  the  treatment  of 
sprains  after  the  first  twenty-four  hours,  unless  the  pain  is  excessive. 
In  looking  through  the  notes,  taken  at  the  time,  on  my  own  cases,  I  find 
it  has  very  seldom  been  necessary  to  tell  the  patient  to  refrain  from 
using  the  limb.     On  the  contrary,  he  has  been  encouraged  to  exercise 
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gently  the  damaged  joint.  I  am  aware  that  this  is  contrary  to  the 
recognized  teaching,  but  I  have  seen  no  bad  results  follow.  In  some 
cases  the  patients  have  been  medical  men,  and  I  have  had  some  difficulty 
in  persuading  them  to  use  the  limb  at  first,  or  bear  any  weight  on  an 


Fig.  329.    Fhactuhe  of  the  Fibula  without  Displacement. 

ankle-joint  in  the  early  stages.  Once  I  have  overcome  this  diffidence, 
there  has  been  no  further  trouble. 

I  am  always  at  considerable  pains  to  re-educate  these  patients  when 
they  commence  to  walk,  pointing  out  the  necessity  of  taking  short  steps, 
bearing  a  due  proportion  of  the  weight  on  the  injured  limb,  heel  and  toe 
walking,  and  so  forth. 

Light  massage  is  advisable  in  addition  in  acute  cases.  This  is  the 
readiest  method  of  reducing  the  swelling  and  overcoming  the  pain  caused 
by  the  distension  of  the  joint  and  surrounding  structures.  This  massage 
can  be  undertaken  without  in  any  way  interfering  with  the  treatment  by 
Graduated  Contraction  already  recommended.     Indeed,  both  are  neces- 
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sary,  the  one  to  restore  tone  to  the  muscles — the  other  to  reduce  tht 
tedema.  The  necessary  mobilization  is  carried  out  physiologically  by 
the  active  contractions  of  the  patient's  muscles,  therefore  no  passive 
movements  need  be  given. 

Pressure  bandage.    If  there  is  much  swelling,  it  is  helpful  to 
apply  pressure  by  firm  bandaging  applied  over  many  layers  of  cotton 


Fig.  330.  Lateral  View  of  Same  Case.  Tue  Oblique  Fracture  of  the 
Fibula  is  just  visible  in  the  Skiagram.  In  many  cases  tlie  fracture  cannot 
be  seen  in  this  view,  whilst  it  may  still  be  obvious  in  the  an tero -posterior  view. 

wool  for  a  few  hours.  This  is  only  applicable  to  cases  seen  immediately 
after  the  accident,  and  is  to  be  recommended  during  the  first  twenty- 
four  hours. 

The  joint  and  neighlrouring  part  of  the  limb  are  swathed  in  wool — a 
considerable  thickness  being  applied,  and  pressure  is  obtained  by  apply- 
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ing  a  bandage  tightly  over  this.  The  bandage  should  be  applied  firmly 
and  evenly.  Another  layer  of  wool  is  wrapped  round  outside  this 
bandage  and  a  second  bandage  tightly  wound  round  this. 

At  the  end  of  a  few  hours  the  bandage  should  be  removed.  Its  use 
is  mainly  in  preventing  further  extravasation  and  in  promoting 
absorption. 

Strapping.  The  alternative  line  of  treatment  to  electrical  stimula- 
tion and  massage  consists  in  the  use  of  adhesive  plaster  strapping;  but 
in  most  cases  I  prefer  to  rely  on  the  immediate  restoration  of  normal 
tone  in  the  muscles  produced  by  the  method  described.  In  slight  sprains 
this  is  all  that  is  necessary,  and  the  functional  result  is  speedily  obtained. 
Once  restore  tone  in  the  muscle,  and  it  will  of  itself  support  the  injured 
joint.  The  treatment  by  strapping  is  most  often  called  for  in  dealing 
with  severe  sprains  of  the  ankle-joint,'  with  rupture  of  one  or  other  of 
the  lateral  ligaments.  The  strapping  is  applied  so  as  to  keep  the  damaged 
ligament  relaxed,  by  holding  the  foot  slightly  inverted  or  everted  as  may 
be  necessary,  and  so  avoiding  injury  to  the  newly  formed  fibrous  tissue. 
Crooking  of  the  heel  of  the  boot  and  increasing  the  thickness  of  the  sole 
on  the  inner  or  outer  side,  as  may  be  necessary,  also  prevent  over- 
stretching of  the  damaged  part. 

When  the  joint  is  supported  by  the  plaster,  the  patient  can  as  a  rule 
walk  with  some  degree  of  comfort,  and  he  should  be  encouraged  to  do 
so,  his  early  attempts  being  supervised  and  walking  instruction  given. 
Functional  use,  provided  it  does  not  cause  fresh  injury,  is  a  speedy  and 
effective  stimulant  to  recovery. 

In  acute  sprains  the  treatment  advised  is  Graduated  Contraction  once 
a  day  for  twenty  minutes,  with  increasing  amplitude  of  joint  movements 
from  day  to  day,  together  with  gentle  massage  in  the  early  stages  to 
reduce  the  swelling,  and  so  get  rid  of  the  pain.  I  do  not  strap  up  the 
joint  in  slight  cases  after  or  between  treatments. 

Sprains  of  the  adductors.  I  have  come  across  a  large  number  of 
cases  of  sprained  adductor  longus  which  have  been  treated  by  strapping, 
and  have  gradually  become  so  bad  that,  even  with  the  strapping  on,  they 
cannot  ride  without  pain  or  in  any  comfort.  The  strapping  has  simply 
acted  as  a  stop,  applied  near  the  pelvic  attachment,  the  common  site  of 
injury;  it  has  enabled  the  muscle  to  act  between  its  fixed  point  below,  viz., 
attachment  to  the  femur,  and  this  temporary  fixed  point  (the  ring  of 
strapping)  above. 

The  actual  muscle  injury  has  joined  up  perhaps,  but  with  intra- 
muscular adhesions,  formed  from  the  organized  lymph.  This  part  of  the 
muscle  between  the  strapping  and  the  pelvic  attachment  has  not  been 
exercised,  and  is  toneless  and  painful  as  soon  as  it  is  called  upon  to  act. 
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Moreover,  the  shortened  adductor,  between  the  strapping  and  the 
femoral  attachment,  is  still  liable  to  injury  in  jumping,  &c.,  and  should 
this  shortened  muscle  get  strained — ^as  in  practice  it  sometimes  does — ^the 
patient  is  worse  off  than  ever. 

I  have  seldom  known  massage  promote  recovery  in  a  true  *  rider's 
strain '.  In  this  condition  the  treatment  here  recommended  can  be 
advised  with  confidence  and  with  every  hope  of  success,  even  in  long 
standing  and  stubborn  cases,  and  no  matter  what  other  line  has  been 
adopted  and  failed  previously.  Treatment  should  be  given  daily  in  these 
cases,  powerful  contractions  obtained  and  no  bandage  allowed.  At  the 
end  of  a  week  in  an  average  case  the  patient  is  permitted  to  get  on  a 
horse  and  hack  about  quietly.  This  is  an  advantage,  as  it  educates  the 
recovering  muscle  to  functionate  and  take  part  in  the  movement  of 
adduction. 

During  the  second  week,  exercises  against  resistance  are  added,  and 
at  the  end  of  this  period — i.r.  a  fortnight — the  patient  should  be  able 
to  resume  hunting. 

The  following  account  of  the  case  of  R.  C.  T.,  who  consulted  me 

on  November  9th,  191 1,  gives  a  fair  picture  of  what  often  happens  in 

these  cases. 

The  patient  strained  his  adductor  hunting  in  January,  191 1.    He  was 

treated  by  strapping  and  later  by  massage  and  exercises,  and  hunted  no 
more  that  season.  He  rode  quiet  horses  during  the  summer  without 
pain.  On  the  first  day's  hunting  in  November,  without  any  apparent 
cause,  '  the  leg  went  again  '.  He  was  unable  to  walk,  and  two  days  after- 
wards noticed  a  *  lump  '  over  the  affected  muscle.  He  was  told  he  could 
not  hunt  again  that  season,  and  that  the  prognosis  as  regards  ultimate 
cure  was  bad.  I  saw  him  a  fortnight  after  the  second  accident.  There 
was  a  small  haematoma  near  the  pelvic  attachment  of  the  adductor  longus, 
which  muscle  was  lacking  in  tone  and  tender  on  pressure. 

At  the  end  of  nine  days'  treatment  he  was  allowed  to  hack,  and  on 
the  25th — i,e,  after  sixteen  days  in  all — he  hunted.  He  was  *  seven  hours 
in  the  saddle,  had  some  good  jumps  and  absolutely  no  pain  at  all '. 

He  reported  at  the  end  of  December  that  he  had  been  hunting  regu- 
larly and  had  had  no  further  pain  or  disability. 

Sprains  in  the  neighbourhood  of  the  elbow.  The  sprains 
in  the  neighbourhood  of  the  elbow  are  not  quite  so  easy  to  deal  with. 
In  many  the  results  are  excellent,  but  some  are  particularly  resistant  to 
this  as  to  all  other  forms  of  treatment  which  I  have  tried,  and,  judging 
from  the  length  of  history  these  patients  often  give,  which  others  have 
tried  as  well. 

Strapping  or  bandaging,  massage  and  exercises,  and  in  resistant 
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cases  '  the  hot  needle  ',  all  have  their  supporters.  I  would  add  the  treat- 
ment by  Graduated  Contraction  and  also  by  ionization  to  the  list,  but  a 
guarded  statement  should  always  be  made  as  regards  the  immediate 
prognosis. 

In  my  experience  they  all,  or  nearly  all,  get  right  in  time.  It  is  quite 
easy  to  cure  the  immediate  condition,  but  it  is  no  real  cure  if  the  symptoms 
return  soon  after  resuming  the  form  of  exercise  which  originally  gave 
rise  to  them. 

In  cases  of  sprain  of  the  muscles  about  the  elbow  a  skiagram  should 
be  taken  to  see  whether  there  are  any  signs  of  arthritic  change  in  the 
elbow  or  superior  radio-ulnar  articulations,  as  this  condition  often  gives 
rise  to  a  similar  chain  of  symptoms. 

These  elbow-joint  lesions — tennis  elbow  and  so  on — differ  from 
ordinary  sprains  in  being  caused  generally  by  the  cumulative  effect  of 
certain  active  movements. 

In  many  cases  the  history  of  onset  is  gradual,  and  this  is  a  point  to 
be  taken  into  consideration  when  giving  a  prognosis.  Those  cases  which 
prove  to  be  resistant  to  treatment  are  often  found  to  have  given  this 
history. 

In  many  cases  the  results  are  quite  satisfactory,  active  treatment  of 
all  muscles  round  the  joint  being  undertaken.  Any  adhesions  present 
are  broken  down  by  the  muscles  themselves,  as  they  are  made  to  contract 
strongly  and  independently  of  one  another. 

If  there  is  any  limitation  of  extension  this  should  be  forcibly  reduced, 
under  an  anaesthetic  if  necessary.  This  is  not  always  easy,  as  from  the 
anatomical  structure  of  this  joint  it  cannot  be  forced  into  a  position  of 
hyper-extension. 

In  giving  a  prognosis  in  the  case  of  a  sprained  muscle  (other  than 
the  particular  types  of  case  already  referred  to)— r.gr.  biceps  of  the  leg — it 
is  necessary  to  give  attention  to  the  history  of  the  accident. 

In  this  case  the  lesion  is  a  laceration  of  muscle  fibres  with  some  degree 
of  rupture.  This  may, be  marked  so  that  one  can  feel  a  definite  sulcus, 
or  may  be  apparently  slight  and  nothing  may  be  felt  on  examination. 

But  the  point  to  which  I  attach  importance  is  as  to  whether  or  no 
the  injury  was  caused  by  overaction  of  the  muscle  or  was  due  to  external 
causes.  In  the  latter  case,  too,  there  may  often  be  an  actual  sulcus  to 
be  felt. 

In  my  experience,  a  muscle  injury,  the  result  of  overaction  of  the 
muscle,  takes  much  longer  to  recover  than  does  one  due  to  external 
trauma. 

The  biceps  is  sometimes  damaged  by  athletes,  in,  e.g,  suddenly  start- 
ing to  sprint,  and  although  an  apparent  cure  can  be  obtained  in  a  few 
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days  with  loss  of  all  pain  and  no  limping  or  disability  in  walking,  yet 
the  injury  will  recur  very  readily  if  the  muscle  is  again  subjected  to 
similar  strain. 

Strapping  the  muscle  will  not  prevent  this  recurrence.  Gradual  exer- 
cises should  be  given,  and  no  sudden  strain  be  thrown  on  the  muscle 
for  a  period  of  from  three  weeks  to  a  month. 

On  the  other  hand,  if  the  disability  is  caused  by,  say,  a  kick,  there  is 
not  the  same  liability  to  recurrence,  and  a  much  shorter  convalescence  is 
recommended.  The  site  of  previous  rupture  of  the  muscle  fibres  may 
be  evident  for  some  years  after  the  injury,  and  may  not  disappear  at  all. 

The  ruptured  fibres  join  up  by  fibrous  tissue,  and  the  whole  muscle 
will  functionate  perfectly  well,  and  suture,  by  operation,  is  seldom 
called  for. 

I  think  a  point  in  favour  of  treating  these  muscle  injuries  by  the 
Graduated  Contraction  method  is  that  every  fibre  is  made  to  contract. 
In  this  way,  intra-muscular  adhesions  between  the  various  muscle  bundles 
may  be  prevented,  or  should  they  be  formed  are  stretched  and  broken 
down,  and  contractures  in  the  neighbourhood  of  the  scar  in  the  muscle 
when  union  is  completed  are  prevented. 

There  is  in  addition  a  psychic  effect,  which  is  produced  in  the  mind 
of  the  patient  when  he  sees  his  own  joint  moved  by  the  contractions  of 
his  own  muscles  without  pain.  This  is  undoubtedly  of  value,  and  may 
considerably  shorten  the  convalescence. 


CHAPTER  IV 

THE  SEQUELS  OF  ACUTE  SPRAINS— CHRONIC  SPRAINS 

A  SIMPLE  sprain  which  is  neglected  or  inefficiently  treated  is  likely  to 
be  complicated  by  further  symptoms,  and  the  disability  is  termed  a 
chronic  sprain. 

The  most  common  sequelae  of  acute  sprains  are : — 
I.  Persistent  pain, 
II.  Adhesions, 

III.  Atrophy, 

IV.  Recurrent  synovitis, 

and  they  could  in  the  main  be  obviated  if  these  injuries  were  correctly 
diagnosed  and  treated  with  the  care  and  attention  which  they  demand. 

A  sprain  treated  on  the  old-fashioned  lines  of  rest,  splintage,  ice-bags, 
and  evaporating  lotions  will  be  very  often  followed  by  one  or  more  of 
these  complications. 

The  treatment  of  these  conditions  supplies  the  main  field  of  work  for 
the  bonesetter  at  the  present  time,  and  will  continue  to  do  so  until  the 
medical  profession,  as  a  whole,  will  devote  to  the  treatment  of  injuries 
the  same  care  as  is  given  to  other  branches  of  surgery. 

Until  medical  men  recognize  that  in  the  treatment  of  these  cases  there 
is  something  to  be  learnt  apart  from  the  ordinary  teaching  of  the  text- 
books, cases  will  still  drift  to  the  bonesetters,  who  will  continue  to  gain 
much  credit  for  their  successes,  and  lose  but  little  by  their  failures.  That 
bonesetters  do  harm  in  some  cases  is  self-evident  and  universally  agreed — 
that  they  do  good  in  some  is  equally  certain. 

To  say  that  the  bonesetter's  methods  are  well  known  is  not  enough. 
Has  the  medical  profession  got  the  same  or  improved  methods  at  its 
disposal,  and  are  these  methods  put  into  practice  ? 

These  methods  are  quite  well  known  and  at  the  disposal  of  every 
qualified  man.  They  consist  in  the  main  in  breaking  down  adhesions  by 
manipulation,  and  the  most  successful  cases  are  those  in  which  the 
adhe5ions  are  peri-articular. 

Are  these  methods  put  into  practice?  Judging  from  the  length  of 
history  often  obtained  from  this  type  of  patient,  I  should  say  that  in 
many  instances  they  are  not  practised.  What  often  happens  is  that  the 
stiff  and  painful  joint  is  wrenched  under  gas,  but  that  it  stiffens  up  again 
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and  the  patient's  condition  is  not  improved  in  the  sHghtest.    The  patient 
is  told  to  rest,  and  the  treatment  by  forcible  manipulation  is  condemned. 

Or  again,  in  some  cases  the  wrenching  is  repeated  at  frequent  inter- 
vals, the  joint  being  forcibly  moved  daily.  The  range  of  movement  gets 
le^s  and  less,  the  pain  persists  and  becomes  more  acute,  and  again  the 
line  of  treatment  is  condemned. 

What  has  really  happened  in  these  cases  is  that  the  wrenching  has  not 
been  carried  sufficiently  far.  For  example,  if  it  is  considered  desirable 
to  break  down  adhesions  round  a  knee-joint,  it  is  not  enough  to  get  full 
flexion  and  full  extension.  Full  rotation  with  flexion,  and  with  flexion 
in  all  its  stages,  must  be  made  sure  of.  If  the  knee  is  simply  bent  forcibly, 
small  adhesive  bands  are  left  unbroken,  and  probably  stretched  by  the 
manipulation.  These  will  necessarily  become  inflamed  and  give  rise  to 
pain.  Had  the  wrenching  been  thorough,  they  would  have  been  com- 
pletely divided  and  caused  no  more  trouble. 

As  pointed  out  long  ago  by  Wharton  Hood  in  his  description  of  the 
methods  of  the  celebrated  bonesetter,  Hutton,  it  is  this  rotation,  so  often 
omitted,  which  is  regarded  by  the  bonesetter  fraternity  as  so  important. 
Wharton  Hood  writes  of  Hutton  as  saying,  '  Pulling  is  of  little  use,  the 
twist  is  the  thing '. 

Another  point  to  be  remembered  in  breaking  down  the  adhesions  in 
stiff  joints  is  that  one  complete  movement  in  every  direction  is  all  that 
is  necessary. 

Wharton  Hood  describes  the  method  of  applying  the  force.  The 
most  tender  point  about  the  joint  in  movement  in  any  given  direction 
being  found,  this  point  is  anchored  with  the  thumb.  The  other  hand 
grasps  the  limb  below  the  joint,  and  rotates  it,  so  as  to  put  the  opposing 
muscles  at  a  disadvantage.  The  limb  is  then  forcibly  flexed  or  extended 
to  the  full  range  of  movement,  and  at  the  same  time  rotated.  As  pointed 
out  above,  rotation  must  never  be  omitted. 

Choice  of  anaesthetic.  The  choice  of  anaesthetic  is  of  importance 
when  the  breaking  down  of  adhesions  is  undertaken.  Nitrous  oxide  gas 
alone  is  unsatisfactory,  because  in  order  that  the  manipulations  may  be 
carried  out  satisfactorily  two  things  are  necessary: — 

(i)  Sufficient  time,  so  that 'the  operator  need  not  be  hurried,  but 
can  methodically  carry  out  the  various  manipulations. 

(ii)  Muscular  relaxation.  Although  there  may  be  sufficient  time 
allowed  with  gas,  there  is  usually  spasm  of  the  muscles. 

Used  in  combination  with  oxygen,  by  a  skilled  anaesthetist,  nitrous 
oxide  suffices  for  many  cases,  but  in  dealing  with  the  shoulder-joint  or 
the  hip-joint  a  general  anicsthetic,  either  chloroform  or  ether,  or  a  com- 
bination of  the  two,  is  to  be  preferred. 
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Diagnosis.  It  is  essential  before  undertaking  the  treatment  of  such 
a  case  to  have  a  very  clear  idea  of  what  has  happened,  and,  as  far  as 
possible,  of  the  extent  of  the  damage,  if  anything  like  an  accurate  prog- 
nosis with  regard  to  the  length  and  result  of  treatment  is  to  be  given. 

An  X-ray  examination  should  be  made  in  every  case,  skiagrams  being 
taken,  as  a  screen  examination  is  insufficient.  The  examination  of  the 
joint  must  include  a  comparison  with  that  of  the  opposite  side,  as  it  is 
only  by  this  means  that  slight  limitation  of  movement  in  any  one  direc- 
tion can  be  noted,  and  moreover,  the  range  of  movement  allowed  in  a 
normal  joint  varies  in  different  individuals. 

A  very  slight  limitation  of  a  movement  in  the  ankle-joint  gives  rise 
to  pain  on  walking,  and  until  the  limitation  of  movement  is  overcome 
the  pain  recurs.  No  treatment  short  of  forcible  breaking  down  of  the 
adhesion  will  cure  such  a  case.  This  simple  procedure  is  followed  by 
complete  cure.  Often  these  ailments  are  diagnosed  vaguely  as  *  rheuma- 
tism ',  and  are  given  various  treatments  at  spas  and  hydros. 

A  case  in  point  which  serves  as  an  instance  is  that  of  a  girl  I  saw  in 
191 3.  She  gave  a  history  of  a  bad  sprain  three  years  before,  through  a 
fall,  skating.  She  was  laid  up  for  six  weeks  at  the  time  and  was  told 
she  had  torn  the  ligaments  of  her  left  ankle.  X-ray  examination  imme- 
diately after  the  accident  did  not  reveal  a  fracture.  At  the  end  of  a  year, 
during  the  whole  of  which  time  she  had  been  unable  to  walk  any  distance 
or  take  part  in  games,  she  again  damaged  the  ankle.  She  was  laid  up 
for  a  further  period  of  some  months,  and  was  then  given  special  boots 
and  told  to  walk  and  exercise  the  foot.  She  was  unable  to  do  this  to  any 
extent  on  account  of  the  pain  produced  by  the  exercise,  and  when  I  saw 
her  three  years  after  the  original  accident  she  said  she  could  only  walk 
about  a  mile,  and  could  not  play  golf  or  tennis.  After  walking  she 
always  had  pain  in  the  ankle,  which  ached  and  sometimes  kept  her  awake 
at  night.  Two  years  before  I  saw  her  the  ailment  had  been  diagnosed 
as  chronic  neuritis,  but  had  failed  to  respond  to  any  treatment  advised, 
and  a  year  later  she  had  taken  other  advice.  This  time  ionization  with 
iodine,  massage  and  electrical  treatment  were  ordered,  but  produced  no 
good  result. 

There  was  no  evidence  of  tubercle,  the  joint  movements,  which  were 
nearly  complete,  were  painless,  and  an  X-ray  examination  showed  a  nor- 
mal ankle-joint. 

On  comparing  the  movements  of  the  two  ankles,  however,  dorsiflexion 
on  the  left — the  affected  side — was  not  quite  so  full  as  on  the  right. 

The  adhesions  were  broken  down  without  difficulty,  and  the  muscles, 
which  were  weak  from  continued  disuse,  were  treated  for  a  short  time  by 
Graduated  Contraction  and  exercises. 
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One  month  later  the  patient  was  playing  tennis  and  getting  about 
normally,  which  she  had  not  done  for  three  years.  I  heard  from  her  a 
year  later  that  the  ankle  had  given  no  more  trouble. 

This  case  presented  no  particular  difficulty,  but  I  have  described  it 
in  some  detail  l)ecause  it  is  just  the  type  of  case  which  a  bonesetter  would 
have  cured.  The  only  point  was  to  recognize  the  slight  limitation  of 
movement,  and  having  recognized  it  to  realize  that  this  was  accounting 
for  the  pain  and  disability.  The  treatment  was  easy,  and  yet  this  girl 
had  been  more  or  less  incapacitated  for  three  years. 

Diagnosis  of  intra-articular  lesions.  When  there  is  a  lesion  in 
the  joint  there  is  usually  pain  on  movement  in  every  direction.  When 
there  is  complete  freedom  of  movement  in  one  or  more  directions,  the 
lesion  is  probably  peri-articular,  and  complete  breaking  down  of  the 
adhesions  will  be  successful. 

Limitation  of  movement  in  all  and  not  merelv  in  one  direction  is 
evidence  of  arthritis,  and  forcible  manipulation  under  an  anaesthetic  is 
likely  to  fail  in  cases  in  which  the  joint  surfaces  are  involved. 

Treatment  by  gradual  correction.  If  the  joint  itself  is  involved, 
the  method  of  correction  by  gradual  splinting,  with  extension  as  advo- 
cated by  RoJjert  Jones,  should  be  attempted,  as  rough  handling  will  be 
followed  by  inflammation  and  still  further  limitation  of  movement,  if  the 
arthritic  changes  are  active. 

The  method  of  gradual  correction  of  deformity  for  limitation  of 
flexion  at  the  elbow,  by  the  collar  and  cuflF  (Owen  Thomas),  will  serve 
as  an  example.  A  leather  collar  encircles  the  neck,  and  a  second  one  the 
wrist,  and  the  two  are  joined  by  a  strap  or  bandage,  which  is  applied 
with  as  much  tension  as  is  allowed  by  the  patient.  The  continuous  pull 
on  the  joint  will  increase  the  angle  of  flexion  and  the  bandage  will  become 
loose.  The  bandage  is  tightened  from  time  to  time  until  the  flexion 
allows  the  hand  to  be  brought  to  the  neck.  The  collar  and  cuff  are  now 
removed  and  the  forearm  is  bandaged  to  the  arm,  in  flexion. 

When  full  flexion  has  been  gained,  the  elbow  is  gradually  allowed  to 
extend  again.  A  few  degrees  of  flexion  are  allowed,  the  movement 
being  limited  by  the  collar  and  cuff,  which  is  reapplied.  The  patient  must 
control  the  movement,  and  retain  power  of  flexion,  before  the  bandage 
is  loosened  and  more  extension  allowed.  When  he  is  enabled  to  flex 
the  arm  voluntarily  from  extension  to  about  a  right  angle  the  apparatus 
is  removed.  The  force  of  gravity  and  the  use  of  the  arm  gradually 
increase  this  extension. 

A  screw  extension  apparatus  for  overcoming  flexion  deformity  is 
illustrated,  working  on  a  similar  plan  to  the  Turner  splint  for  the  knee. 

Further,  the  method  for  the  gradual  correction  of  deformity  by  the 
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application  of  gradual  force  by  continuous  splintage  is  recommended : 

(1)  In  cases  of  subacute  arthritis  of  long  standing,  in  which  move- 
ment is  markedly  restricted. 

(2)  In  cases  of  deformity  resulting  from  contracture  of  scar  tissue, 
the  result  of  either  wounds  or  burns,  limiting  joint  movement. 

{3)  In  treating  Volkmann's  ischiemic  paralysis  or  contractures  fol- 


FiG.  331.  Stage  I,  Gradual  Cobrection  of  Deformity  in  Case  of  Flexed 
Elbow-joint.  This  joint  liad  been  flexed  for  six  months  by  contracted  scar 
tissue  and  fibrosis  of  the  musdes. 

lowing  peripheral  nerve  injuries.  In  all  these  cases  the  gradual  stretch- 
ing will  yield  infinitely  better  results  than  will  be  got  by  attempts  at 
forcible  breaking  down  of  the  obstruction. 

Satisfactory  results  may  be  obtained  in  cases  in  which  the  disability 
is  due  to  post-traumatic  osteo-arthritis  by  forcible  manipulation  under 
an  anfesthetic  followed  immediately  by  massage  and  movements.  The 
disease  in  these  cases  is  inactive,  and  muscular  wasting  with  a  stiff  joint 
the  main  symptom. 
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Tn  these  cases  the  manipulations  may  have  to  be  repealed  more  than 
once.  Gentle  massage  should  be  commenced  before  the  patient  has  recov- 
ered from  the  anaesthetic  and  repeated  two  or  three  times  during  the 
first  twenty-four  hours.  This  massage  will  relieve  the  pain  and  allow 
the  patient  to  move  the  limb. 

Any  markedly  wasted  muscles  should  be  treated   from  the  first, 


Fig.  332.  Stage  II.  The  Same  Ten  Days  Later.  The  patient,  by  taming 
the  screw,  having  gradually  straightened  the  arm.  At  this  stage  the  splint  is 
removed  and  a  straight  splint  applied,  to  complete  the  correction. 

Graduated  Contraction  being  replaced  by  graduated  exercises  as  they 
recover. 

Pain  and  adhesions  go  together  in  chronic  sprains,  the  pain  being 
kept  up  by  slight  irritation  of  the  fibrous  bands  in  movement. 

Muscular  wasting.  The  treatment  has  already  Iwen  fully  dis- 
cussed. In  this  place  I  would  only  like  to  point  out  how  often  musclt 
wasting  is  the  one  really  important  symptom. 
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Impairment  of  function  at  the  shoulder- joint  and  consequent  dis- 
ability as  a  result  of  wasting  of  the  deltoid  is  a  common  sequel  to  the 
injury  of  this  jomt.  The  wasting  is  intense  in  some  cases,  and,  more- 
over, may  be  localized  to  some  particular  set  of  fibres — most  often  the 
posterior  fibres.  Here  the  treatment  should  be  conducted  on  the  lines 
already  laid  down. 

What  can  be  done  for  some  of  these  chronic  joint  cases  of  long  stand- 
ing is  well  shown  in  the  following  account  of  the  case  of  an  old  doctor 
(T.)  I  saw  on  May  8th,  191 1.  The  history  was  as  follows:  He  had 
damaged  his  right  knee  in  January,  19 10,  and  this  was  followed  by  an 
attack  of  *  rheumatism  '  in  the  joint,  which  swelled  up.  He  was  in  bed 
on  and  oflF  for  two  months,  and  then  used  crutches.  The  knee  got  stiff, 
and  in  November,  19 10,  it  was  forcibly  manipulated,  but  this  did  not 
increase  the  range  of  movement.  He  was  still  using  the  crutches  when 
he  came  to  me,  and  had  been  doing  so  for  seventeen  months.  . 

When  I  saw  him  there  was  marked  wasting  of  quadriceps,  especially 
of  the  vastus  internus,  fluid  in  the  joint,  and  some  lateral  movement. 
Extension  was  complete,  but  flexion  only  possible  to  just  a  right  angle, 
and  there  was  tenderness  along  the  joint  line  on  the  inner  side.  X-ray 
examination  showed  a  normal  condition  of  bone,  and  there  were  no 
osteophytes. 

He  was  treated  by  Graduated  Contraction  of  the  quadriceps  and 
massage.    The  progress  of  the  case  is  interesting. 

After  a  fortnight's  treatment  he  was  able  to  bear  some  weight  on 
the  leg,  and  walk  with  the  aid  of  sticks.  There  was  rather  more  fluid  in 
the  joint,  but  no  change  was  made  in  the  treatment,  nor  was  the  leg 
rested  because  of  this.  Ten  days  later  the  fluid  had  practically  gone, 
and  he  was  able  to  v^alk  a  short  distance  without  his  sticks.  After  nine 
weeks*  treatment  he  was  able  to  walk  quite  well  without  sticks  or 
supports  of  any  kind,  and  the  muscular  development  was  excellent. 

He  reported  a  month  later  that  the  knee  was  as  good  as  the  other, 
and  that  he  had  walked  a  mile  or  two  without  inconvenience. 

The  above  case  is  recorded  to  show  that  with  very  extreme  wasting 
a  satisfactory  result  can  be  obtained.  The  measurements  in  this  case 
were : — 

Circumference  of  Thigh.  May  8. 

3"  above  upper  border  of  patella 14" 

8"  above  upper  border  of  patella ^7J4' 

In  cases  of  muscle  wasting,  any  tendency  to  stretching  and  elonga- 
tion of  the  muscle  must  be  prevented. 


May  29. 

July  14 

w/2" 

15" 

18" 

19" 
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This  is  especially  important  in  cases  of  peripheral  injurj^  when  the 
wasting  is  profound. 

By  suitable  splintage  the  muscle  can  be  kept  in  such  a  position  that 
there  is  no  direct  strain  on  its  weakened  fibres,  nor  is  the  weight  of  the 
limb  allowed  to  drag  on  them.  Also  the  pull  of  the  opposing  healthy 
muscles  is  counteracted. 

For  example,  when  there  is  weakness  of  the  anterior  tibial  group 
and  tendency  to  foot  drop,  the  foot  should  be  kept  by  a  splint  at  a 
right  angle,  or  less  than  a  right  angle  to  the  leg:  the  wrist  and  hand 
are  kept  dorsiflexed  if  there  is  marked  wasting  of  the  extensors,  as 
in  lead  neuritis,  or  paralysis  following  injury  to  the  musculo-spiral 
nerve. 

The  use  of  splints  in  no  way  interferes  with  the  treatment  of  the 
muscles  by  massage  and  electrical  stimulation. 

It  is  in  cases  of  marked  wasting,  or  loss  of  function  due  to  the  muscu- 
lar weakness,  that  this  method  of  putting  up  the  limb  with  the  muscles 
fully  relaxed  is  necessary. 

Recurrent  synovitis.  This  condition  and  its  treatment  will  be 
dealt  with  in  considering  the  treatment  of  the  knee-joint,  in  which  situa- 
tion it  most  commonly  occurs.  Its  treatment  in  other  joints  is  on  similar 
lines. 

Sprains  of  the  knee-joint  and  internal  derangement.    \VTiat 

has  been  said  of  sprains  both  acute  and  chronic  of  other  joints  applies 
equally  to  the  knee-joint,  and  this  fact  must  be  emphasized,  because 
there  is  a  tendency  to  regard  all  injuries  to  the  knee-joint  as  displacement 
of  a  semi-lunar  cartilage. 

The  fact  that  an  injury  to  the  knee-joint  is  in  many  cases  a  simple 
sprain,  which  is  liable  to  become  chronic  and  be  complicated  by  muscular 
wasting  and  the  formation  of  adhesions,  must  not  be  overlooked.  The 
knee-joint,  like  the  shoulder,  depends  very  largely  for  its  strength  and 
function  on  the  muscles  and  more  particularly  on  the  quadriceps  extensor. 
The  crucial  ligaments  and  the  strong  posterior  ligament  are  injured  but 
rarely,  and  the  type  of  case  most  often  met  with  is  a  weak  knee,  the 
result  of  quadriceps  insufficiency. 

The  condition  of  severely  damaged  internal  lateral  ligament  is 
observed  most  often  when  examining  a  knee-joint  after  an  operation  for 
the  removal  of  a  semi-lunar  cartilage.  Marked  lateral  mobility  of  the 
joint,  with  pain  on  pressure,  at  both  the  femoral  and  tibial  attachments 
of  the  ligament,  together  with  the  history  of  the  case,  suffice  for 
diagnosis. 

With  quadriceps  wasting,  and  the  strain  thrown  on  the  joint  from 
this  cause,  the  ligament  is  likely  to  be  stretched,  but  this  will  give  rise 
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to  no  further  symptoms  if  the  primary  cause — quadriceps  insufficiency — 
is  overcome. 

Now  there  is  a  great  tendency  to  regard  any  severe  sprain  accom- 
panied by  pain  and  synovitis  as  an  injury  to  one  or  other  of  the  semi- 


Pic-  333-  Chronic  Synovitis  of  Right  Knee, 
WITH  MUCH  Wasting  of  the  Quadriceps.  The 
wasting  in  these  cases  is  masked  by  the  swelling  of 
the  Joint. 

lunar  cartilages,  and  operations  for  their  excision  are  advised  all  too 
frequently. 

The  tremendously  important  role  played  by  the  quadriceps  is  not 
generally  understood.     Any  severe  injury  to  the  knee  is  followed  by 
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wasting  of  this  muscle  group,  and  more  particularly  of  one  individual 
muscle — the  vastus  internus.  This  wasting  is  masked  to  some  extent  if 
the  joint  is  distended  with  fluid,  but  it  is  always  there.  Perhaps  of  even 
more  importance  is  the  extraordinary  rapidity  with  which  tone  is  lost 
in  the  quadriceps  as  the  result  of  injury,  thereby  robbing  the  joint  of 
what  is  normally  its  most  powerful  support,  and  exposing  it  to  further 
risk  of  damage  on  slight  provocation.  For  if  the  bracing  effect  of  the 
quadriceps  on  the  joint  be  lost,  lateral  movement,  with  its  attendant 
dangers  of  nipping  of  synovial  membrane  and  pinching  of  cartilage,  is 
brought  about  by  any  slight  strain  on  the  limb. 

When  the  quadriceps  is  wasted,  repeated  attacks  of  synovitis  are 
common,  owing  to  some  slight  injury  to  the  synovial  membrane  in  eccen- 
tric movements  of  the  joint,  which  is  insufficiently  supported  and  has 
a  tendency  to  lateral  mobility — eg,  when  exposed  to  such  trifling  injury 
as  walking  over  rough  ground. 

If  the  membrane  is  nipped,  there  is  acute  and  sudden  pain ;  the  patient 
may  fall,  and  some  hour  or  two  later  the  joint  will  become  distended 
with  fluid,  and  there  will  be  pain  along  the  joint  line  on  the  inner  side. 

Rest  for  twenty-four  hours,  a  compression  bandage,  gentle  massage 
for  the  pain,  and  immediate  treatment  of  the  muscles  by  Graduated 
Contraction  are  indicated. 

I  always  advise  in  addition  ionization  with  a  two  per  cent,  solution 
of  sodium  salicylate  if  the  amount  of  fluid  is  at  all  excessive.  This  can 
be  carried  out  three  times  during  the  first  week,  and  after  that  twice  a 
week.  To  be  of  service,  long  sittings  (forty-five  minutes)  and  big 
currents  are  essential — 60-90  milliampjeres  will  be  borne  with  correct 
technique.  Short  daily  sittings  with  small  currents  are  useless,  and 
unless  the  ionization  can  be  properly  carried  out  it  had  better  be  omitted. 
The  patient  walks  about  a  little  after  the  first  twenty- four  hours,  and  is 
not  kept  at  rest  on  account  of  the  fluid,  which  gradually  becomes  absorbed 
with  movement  of  the  knee  and  returning  strength  of  the  muscles.  Any 
overstrain  will  cause  the  joint  to  fill  up  again,  but  I  do  not  often  find  it 
necessary  to  keep  the  patient  at  rest  on  account  of  this.  As  a  rule,  con- 
tractions of  the  muscles  helped  by  ionization  suffice. 

It  must  be  borne  in  mind  that  I  am  dealing  here  with  the  common 
type  of  case,  in  which  there  is  no  intra-articular  lesion. 

The  presence  of  a  fractured  cartilage,  a  loose  body,  or  sometimes  a 
well  marked,  thickened  synovial  fringe,  all  give  rise  to  fluid,  and  no 
treatment  of  muscles  will  prevent  a  recurring  synovitis. 

I  do  not  advise  a  bandage  during  convalescence,  but  if  one  is  deemed 
necessary,  it  should  not  extend  above  the  limits  of  the  joint.  Firm  pres- 
sure over  the  lower  part  of  the  thigh  muscles  is  certain  to  induce  muscular 
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atrophy,  and  in  consequence  a  recurrence  of  all  symptoms  on  the  slightest 
provocation. 

If  the  quadriceps  is  so  wasted  that  the  patient  is  totally  unable  to 
bear  his  weight  on  the  limb,  or  rather  to  maintain  extension  at  the  joint, 
as  in  very  severe  cases,  the 
walking  caliper  splint  will 
obviate  the  difficulty.  The 
patient  can  get  about,  there 
is  no  pressure  on  the  thigh 
muscles,  which  are  at  rest, 
and  treatment  of  .  these 
muscles  can  be  carried  on 
until  such  time  as  they  re- 
cover sufficiently  to  enable 
him  to  dispense  with  the 
caliper.  He  can,  as  soon  as 
he  is  able,  materially  hasten 
recovery  by  practising  tight- 
ening and  relaxing  the  quad- 
riceps, standing  in  the  splint. 

If  support  is  necessary 
for  the  joint  at  this  stage, 
the  knee  cage  recommended 
by  Robert  Jones  should  be 
used.  Any  form  of  elastic 
knee-cap  is  bad,  for  if  it  is 
sufficiently  tightly  applied 
to  be  an  actual  support,  it 
will  impede  the  circulation 
and  produce  further  atrophy, 
whilst  if  it  is  loose  and  com- 
fortable it  ceases  to  be  any 
support. 

Now  the  more  usually 
adopted  method  of  treat- 
ment in  these  cases  is  rest 
until  all  fluid  is  absorbed, 
-probably  with  the  knee  and 
lower  part  of  the  thigh  firmly  bandaged,  and  when  the  fluid  is  absorbed, 
the  patient  is  ordered  massage  and  some  form  of  exercise. 

A  back   splint,   bandaged  on    for  walking,   still    further  hampers 
circulation. 


Fig.  334.  Caliper  Splint  Applied — Front 
View.  The  leather  pad  above  the  patella  is 
unnecessarily  large  in  this  case,  and  would 
tend  to  produce  atrophy  of  the  vastus  internus. 
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The  result  of  this  treatment  is  shown  by  the  number  of  cases  of 
recurrent  synovitis  of  knee  that  are  met  with.  In  these  cases,  in  addition 
to  the  atrophy  there  is  often  slight  limitation  of  movement. 

It  is,  I  think,  in  cases  treated  on 
these  lines  that  adhesions  are  par- 
ticularly liable  to  form.  The  limi- 
tation of  ordinary  movement  may 
be  very  slight,  but  the  knee  '  feels 
weak ',  and  there  is  pain  on  the 
inner  side  in  walking  on  uneven 
ground  and  aften  complained  of  in 
going  up  or  coming  down  stairs. 

These  adhesions  can  be  broken 
down  by  full  movement,  including 
rotation  of  the  leg  on  the  thigh  dur- 
ing all  degrees  of  flexion.  This 
should  be  followed  by  exercises  for 
the  wasted  muscles,  any  slight 
amount  of  fluid  being  disregarded 
and  the  patient  encouraged  to  walk 
or  use  the  limb. 

These  adhesions  are  often  quite 
small,  and  are  formed  from  or- 
ganizing blood  clot  in  the  neighbour- 
hood of  the  joint  line,  perhaps  from 
some  slight  tear  of  the  coronary 
ligament. 

I  think  that  in  a  consideration  of 

these    minor    adhesions    round    the 

knee  is  to  be  found  the  explanation 

of    what    is    undoubtedly    a    fact, 

namely,  that  the  bonesetter  by  his 

manipulation  sometimes  completely 

cures  this  type  of  case.     Moreover, 

it  is  often  after  the  qualified  man 

Fic.  335.     Same.     Side  View—     has  failed,  and  very  likely  operation 

Showing  Attacmment  of  tiie  Iron     has  been  advised,  that  the  bonesel- 

To  THE  Heel  of  the  Boot.  ^g^'s  services  are  called  for. 

The  whole  question  has  not  re- 
ceived the  attention  it  deserves  and  exploratory  operation  is  often  ad- 
vised unnecessarily. 

There  is  a  condition  of  the  knee  sometimes  met  with,  which  must  be 
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carefully  distinguished  from  a  displaced  cartilage,  in  which  the  patient 
complains  that,  on  sudden  twisting,  the  knee  gives  way,  and  yet  on 
examination  the  quadriceps  is  found  well  developed. 

On  inquiring  into  the  previous  history  of  these  cases,  the  disability 
is  generally  found  to  have  originated  in  some  accident  to  the  knee-joint, 
after  which  the  patient  is  laid  up  with  fluid  in  the  joint  for  a  time. 
Subsequently,  at  varying  intervals,  he  complains  that  the  knee  '  gave  way  ' 
or  '  went  out ',  which  he  considers  to  be  caused  by  some  slight  twist. 
Following  this  the  joint  generally  swells  slightly  and  he  is  incapacitated 
for  a  few  days.  Careful  inquiry  into  details  will  usually  elicit  the  fact 
that  he  does  not  fall,  and  that  there  is  no  history  of  locking. 

On  examination  there  may  be  pain  on  pressure  over  the  joint  line  on 
the  inner  side,  but  this  is  not  more  marked  at  any  one  point  than  at  any 
other. 

No  special  tenderness  on  pressure  is  noted  over  the  anterior  attach- 
ment of  the  cartilage  or  over  the  attachments  of  the  internal  lateral 
ligament. 

The  quadriceps  is  well  developed,  and  there  is  no  wasting  or  loss 
of  tone. 

Full  movement  is  allowed  in  both  flexion  and  extension,  but  rotation 
in  full  flexion  causes  pain,  and  is  slightly  limited. 

The  condition  is  due  to  adhesions,  the  result  of  tearing  of  tissues  in 
the  original  injury.  These  adhesions  are  not  pulled  on  in  ordinary  joint 
movements,  and  only  give  rise  to  symptoms  in  certain  movements,  in  this 
case  the  sudden  twist. 

Forcible  manipulation  under  an  anaesthetic  is  the  treatment  necessary. 

The  joint  must  be  fully  flexed  and  rotated  in  each  direction,  and 
then  fully  extended. 

No  special  after-treatment  of  the  muscles  is  called  for,  as  they  are 
already  well  developed,  and  the  patient  is  told  to  use  the  leg  and  get 
about  normally. 

Intra-articular  lesions.  The  consideration  of  cases  which  are 
curable  by  non-operative  measures  has  been  gone  into  at  some  length, 
and  much  is  claimed  for  the  results  of  treatment  other  than  by  operation. 

But  when  operation  is  indicated,  it  should  be  most  strongly  advised, 
as  the  results,  given  appropriate  after-treatment,  are  so  satisfactory. 

Moreover,  if  no  operation  is  performed,  the  patient  is  perforce  obliged 
to  wear  a  large  and  cumbersome  apparatus  to  prevent  rotation  at  the 
knee-joint;  and,  further,  even  this  will  not  absolutely  prevent  recurrence. 
Each  recurrence  is  followed  by  synovitis  and  wasting,  and  repeated  injury 
predisposes  to  arthritic  changes  in  the  joint. 

The  injury  is  one  usually  occurring  in  adults  in  the  prime  of  life,  so 
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that  operation  is  seldom  contra-indicated  by  the  age  or  general  health 
of  the  patient. 

Operation  is  not  indicated  in  a  primary  lesion,  as  with  treatment 
many  of  these  displacements  do  not  recur,  but  if  there  is  recurrence, 
with  the  muscles  in  good  condition,  the  sooner  the  offending  cartilage  is 
removed  the  better  for  the  patient. 

The  site  of  the  pain,  or  rather  tenderness  on  pressure,  usually  just 
over  the  anterior  part  of  the  cartilage,  coupled  with  a  history  of  locking, 
and  especially  this  history,  are  the  main  points  of  diagnostic  value — 
always  having  due  regard  to  the  condition  of  the  quadriceps. 

As  has  been  pointed  out  with  quadriceps  insufficiency  the  symptoms 
may  be  very  similar  and  yet  the  condition  is  totally  distinct. 

A  single  recurrence  with  weak  muscles  should  be  treated  on  the  lines 
already  laid  down — that  is,  the  function  of  the  quadriceps  should  be 
restored.  Once  the  knee  shows  a  tendency  to  recurrence  of  *  internal 
derangement '  with  the  muscles  normal  it  must  be  explored. 

There  is  just  one  further  point  to  insist  on  in  this  connection — ^viz., 
that  operation  does  not  cure  the  patient,  but  rather  overcomes  the 
mechanical  obstruction  heretofore  preventing  the  cure.  It  removes  the 
disability,  and  appropriate  after-treatment  will  be  crowned  with  success. 
With  inadequate  after-treatment  the  result  will  be  failure.  The  knee 
continues  to  swell  up,  the  pain  on  walking  is  not  diminished,  and  the 
feeling  of  weakness  and  insecurity  persists. 

After-treatment  should  be  on  the  lines  laid  down  for  redevelopment 
of  the  quadriceps,  and  this  should  be  commenced  gently,  as  soon  as  the 
wound  has  healed. 

Massage  is  of  little  help  in  this  connection,  and  cases  are  common  in 
which  months  have  elapsed  between  the  time  of  operation  and  ultimate 
recovery.  If  treatment  as  advised  above  be  adopted,  the  patient  can 
walk  practically  as  soon  as  the  wound  is  healed. 

Many  surgeons  like  to  keep  a  firm  bandage  on  the  knee  for  some  time 
after  operation.  So  long  as  its  limits  are  confined  to  the  joint,  it  will  do 
little  in  the  way  of  producing  atrophy,  and  gives  the  patient  a  sense  of 
security.  No  bandage  should  be  allowed  which  tightly  constricts  the 
lower  part  of  the  thigh.  There  is  always  some  wasting  following  the 
operation — more  than  could  be  accounted  for  from  simple  disuse  of  the 
limb,  and  this  wasting  must  be  kept  within  bounds. 


CHAPTER  V 

THE   AFTER-TREATMENT   OF   PERIPHERAL   NERVE 

INJURIES 

The  after-treatment  of  peripheral  nerve  injuries  is  of  great  impor- 
tance at  the  present  time,  when  nerve  lesions  the  result  of  gun-shot  wounds 
are  so  common.  This  after-treatment  is  mainly  concerned  with  the  con- 
dition of  the  muscles  and  joints.  A  consideration  of  the  diagnosis  and 
surgical  interference  is  not  within  the  scope  of  this  chapter,  but  I  propose 
to  deal  with  the  after-treatment  in  some  detail. 

The  after-treatment  of  peripheral  nerve  injuries  may  be  considered 
under  two  headings : — 

1.  Postural.  Which  aims  at  preventing  (or  if  necessary  correct- 
ing) deformity,  and  also  preventing  the  over-stretching  of  the  paralysed 
muscles  either  by  gravity  or  by  overact  ion  of  their  unparalysed  opponents. 

2.  Nutrition.  Both  are  important  and  the  one  is  the  complement 
of  the  other.  It  is  by  attention  to  the  muscles,  joints,  and  tendons  that 
the  desired  functional  result  is  mainly  brought  about,  granting  that  the 
original  lesion  of  the  nerve  has  been  satisfactorily  dealt  with. 

In  the  case  of  a  divided  nerve,  treated  by  operation  and  sutured  or 
freed  from  scar  tissue,  the  postural  treatment  commences  from  the  time 
of  the  operation,  and  the  treatment  by  physico-therapeutical  methods, 
which  aim  at  maintaining  and  improving  the  nutrition,  should  commence 
as  soon  as  the  operation  wound  is  healed. 

Treatment  must  be  persevered  with  until  such  time  as  recovery  takes 
place,  and  the  patient  regains  functional  use  of  the  limb.  This  time 
varies,  and  no  hard-and-fast  rule  can  be  laid  down.  It  may  be  anything 
from  nine  months  to  two  years,  and  for  the  whole  of  this  period  treat- 
ment is  necessary.  The  treatment  of  a  divided  nerve  only  commences 
when  the  nerve  is  sutured,  but  the  treatment  of  the  paralysis  resulting 
from  this  nerve  lesion  may  commence  as  soon  as  the  case  comes  under 
observation.  The  muscles  must  be  maintained  in  as  good  condition  as 
possible,  and  the  joints  kept  free,  in  order  that  they  may  respond  when 
the  nerve  recovers  and  is  able  to  conduct  stimuli.  Recovery  in  the  nerve 
may  be  completely  discounted  if  there  is  no  muscle  substance  remaining, 
and  if  degeneration  has  advanced  to  such  a  stage  that  the  muscle  sub- 
stance is  replaced  by  fibrous  tissue. 
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Again,  if  the  postural  treatment  has  been  omitted,  or  imperfectly 
carried  out,  and  contracture  due  to  the  unopposed  and  healthy-  muscles 
has  been  allowed  to  take  place,  the  nerve  recovery  is  discounted — for 
treatment  is  of  little  avail  which  leaves  the  patient  with  a  non-parahsed 
but  perfectly  useless  limb. 

I  should  here  like  to  call  attention  to  the  fact  that,  although  I  am 
referring  to  post-operative  treatment,  most  of  the  following  remarks 
hold  good  equally  for  pre-operative  treatment  in  addition. 

A  great  deal  may  be  done  to  help  the  nutrition  of  the  limb  before 
the  divided  nerve  is  sutured.  No  attempt  is  made  to  suture  a  divided 
nerve  in  the  presence  of  sepsis — as  healing  without  suppuration  is  an 
essential  to  successful  nerve  suture.  But  very  often  in  gun-shot  wounds 
some  long  time  may  elapse,  during  which  efforts  are  made  to  combat 
sepsis,  and  perhaps  promote  union  in  a  fracture,  before  the  wounds  heal. 
If  such  a  wound  is  complicated  by  the  division  of  a  nerve,  attention  must 
be  paid  to  the  treatment  both  as  regards  posture  and  nutrition,  although 
time  must  elapse  before  exploration  and  suture  are  safe  procedures. 

The  care  and  thoroughness  with  which  this  pre-operative  treatment 
is  carried  out  will  have  a  marked  effect  on  the  time  and  possibly  on  the 
completeness  of  the  recovery. 

It  may  be  necessary,  at  the  time  of  operation,  to  modify  the  treat- 
ment by  posture,  in  order  that  there  may  be  as  little  tension  as  possible 
on  the  sutured  nerve.  Often  in  gun-shot  wounds  there  is  some  difficulty 
in  approximating  the  cut  ends  of  the  nerve  owing  to  two  or  three  inches 
or  more  being  totally  destroyed  and  replaced  by  scar  tissue,  and  every 
possible  means  is  taken  to  relax  the  tension.  It  is  obvious  that  the 
musculo-spiral  nerve,  for  example,  will  be  relaxed  if  the  elbow  is  flexed, 
and  that  the  median  and  ulnar  will  be  relaxed  with  full  palmar  flexion 
of  the  wrist  and  hand.  These  and  similar  postural  devices  are  employed 
for  the  first  two  or  three  weeks  after  nerve  suture,  and  it  is  very 
important  that  these  positions  shall  be  in  no  way  interfered  with. 

( I )  Treatment  by  posture.  The  importance  of  posture  cannot  be 
over-estimated.  It  is  in  fact  all-essential  to  recovery.  After  suture  of 
a  divided  nerve  the  limb  must  be  put  up  in  such  a  position  that  there  is 
no  strain  or  tension  on  the  paralysed  muscles.  Robert  Jones,  in  *  Notes 
on  Infantile  Paralysis  \  reports  the  case  of  a  patient  who  for  eighteen 
years  had  not  used  the  wrist  because  of  complete  wrist-drop  following 
infantile  paralysis.  Recovery  had  taken  place  in  the  nerve,  but  the  over- 
stretched extensors  could  not  functionate.  In  two  years,  by  postural 
treatment — the  wrist  being  kept  dorsiflexed  in  a  cock-up  splint — com- 
plete recovery  took  place.  This  was  in  1885.  I  am  referring  to  this 
case  here  to  show  that  the  postural  treatment  is  not  new,  although  it  is 
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sometimes  overlooked.  The  case  quoted  is  one  of  infantile  paralysis  and 
not  a  peripheral  nerve  lesion,  but  the  same  point  holds  good  for  both 
conditions. 

The  postural  treatment  must  be  continuous,  night  and  day,  until  the 
function  is  restored,  and  the  paralysed  muscles  should  never  be  allowed 
to  be  overstretched. 

The  treatment  by  massage  and  electricity  must  not  interfere  with 
this  postural  treatment,  and  even  if  the  splints  are  taken  off,  the  paralysed 
muscles  must  be  kept  relaxed  during  the  time  that  the  limb  is  undergoing 
massage  or  electrical  treatment,  as  at  all  other  times. 

In  a  few  cases  too  long  continued  use  of  a  splint  may  result  in  stiff- 
ness of  the  joints,  so  that  the  patient  complains  that  he  has  now  lost  all 
power  of  movement,  e,g,  in  a  hand  which  previously  had  some  slight 
voluntary  power. 

For  example,  if  with  a  lesion  of  the  musculo-spiral  nerve  the  hand  is 
held  in  extreme  dorsiflexion,  and  this  position  is  maintained  for  too  long 
by  the  continued  use  of  the  splint,  he  may  be  unable  to  flex  the  wrist. 

In  practice,  if  the  limb  is  treated  on  the  lines  suggested  the  slight 
movement  of  the  joint  produced  by  the  contractions  of  the  muscles  will 
prevent  this  occurrence.  Again,  the  position  of  extreme  dorsiflexion  is 
unnecessary  and  a  moderate  degree  all  that  is  required. 

Brachial  plexus.  For  lesions  of  the  upper  part  of  the  brachial 
plexus,  usually  affecting  the  fifth  and  sixth  cervical  nerves,  with  paralysis 
of  the  deltoid  and  biceps,  the  arm  should  be  fixed  at  about  a  right  angle 
to  the  side  on  an  abduction  splint,  with  the  elbow  flexed.  This  splint 
may  be  made  of  metal,  or  of  plaster  of  Paris.  It  is  important  to  make 
it  as  comfortable  as  possible,  as  it  may  have  to  be  worn  for  a  considerable 
period.  A  well-padded  strap,  passing  from  the  axilla  on  the  affected 
side  round  the  neck  on  the  sound  side,  is  necessary  to  hold  this  splint  in 
position,  and  the  splint  should  fit  w^ell  into  the  chest  wall,  curving  outward 
at  its  lowest  part,  in  order  to  take  purchase  from  the  iliac  crest. 

The  patients  tolerate  the  apparatus  very  well  in  practice,  and  when 
it  is  removed  for  washing  purposes  the  arm  must  be  held  in  position  and 
not  allowed  to  fall  to  the  side. 

A  less  irksome,  but  less  efficient,  method  of  dealing  with  this  condition 
is  to  support  the  weight  of  the  arm  in  a  sling,  approximating  as  far  as 
possible  the  elbow  and  acromion,  a  similar  method  to  that  employed  for 
supporting  the  arm  after  a  dislocation  of  the  acromio-clavicular  joint. 
However  well  adjusted,  this  sling  only  prevents  over-stretching  of  the 
deltoid  by  supporting  the  weight  of  the  arm,  and  does  not  approximate 
the  origin  and  insertion  of  the  muscle,  and  so  hold  it  in  a  position  of 
true  relaxation. 


872  JOINT  AND  MUSCLE  INJURIES 

Musculo-CUtaneous  nerve.  For  lesions  of  the  musculo-cutaneous 
nerve,  with  paralysis  of  the  biceps,  the  elbow  should  be  kept  flexed  by 
slinging  the  wrist  to  a  collar  round  the  neck — the  collar  and  cuflf  method 


Fig,  336.    Abduction  Splint — Front  View.    The  splint  should  fit  more  nearly 
to  the  axilla. 

— or  more  complete  relaxation  can  be  obtained  by  fixing  the  forearm  to 
the  arm,  with  the  elbow  in  extreme  flexion,  with  a  bandage  and  adhesire 
plaster  strapping. 

Ulnar  nerve.  For  an  ulnar  lesion  the  clawing  of  the  hand  due  to 
paralysis  of  the  interossei  is  the  deformity  to  be  guarded  against.  To 
counteract  this  a  small  metal  or  plaster  splint  should  be  moulded  to  fit  the 
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hand,  and  arranged  so  as  to  produce  a  slight  degree  of  flexion  at  the 
metacarpo-phalangeal  joints,  and  to  prevent  flexion  at  the  interphalangea! 
joints. 

Usually  the  little  and  ring  fingers  alone  require  splintage,  and  signs 


Fic-  337-    Abduction  Splint — Side  View. 

of  commencement  of  this  deformity  must  be  watched  for  and  its  develop- 
ment guarded  against. 

Median  nerve.  Special  postural  treatment  is  seldom  needed  in 
cases  of  median  nerve  injury.  The  main  deformity  in  a  lesion  of  the 
median  is  extension  of  the  flrst  finger  and  thumb,  and  particularly  of  the 
first  finger.    Applying  the  same  principles  in  this  case  as  are  employed 
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in  the  others,  the  first  finger  should  be  kept  flexed  both  at  the  metacarpo- 
phalangeal and  at  the  interphalangeal  joints. 

In  cases  in  which  there  is  a  median  and  ulnar  paralysis  combined — 
and  this  is  often  seen  in  practice — it  may  be  well  to  apply  splints,  obviat- 
ing the  deformity  from  the  commencement.  They  may  be  worn  at  night 
and  left  off  during  the  day.  The  movements  of  the  hand  and  the  auto- 
massage  so  produced  are  beneficial,  and  the  first  signs  of  deformity  can 
be  watched  for  and  guarded  against  by  applying  splints  as  soon  as  signs 
of  their  appearance  are  noted. 

Musculo-spiral  and  posterior  interosseus  nerves.    In  injuries 

of  the  musculo-spiral  and  posterior  interosseus  nerves  the  hand  must  be 
kept  in  the  dorsiflexed  position  by  some  form  of  *  cock-up '  splint.  In 
the  early  stage  this  splint  should  also  support  the  fingers — the  long 
cock-up. 

The  hand  piece  of  the  splint  should  be  flexed  slightly  at  the  level  of 
the  metacarpo-phalangeal  joints,  as  hyper-extension  of  these  joints  may 
otherwise  occur.  There  is  a  tendency  for  the  hand  to  slip  upwards  off 
the  splint,  and  if  this  occurs  the  point  at  which  the  pressure  producing 
dorsiflexion  is  taken  will  be  the  tips  of  the  fingers,  and  extension  will  be 
more  marked  at  the  metacarpo-phalangeal  joints  than  at  the  wrist-joint. 
In  adjusting  the  splint,  which  is  applied  to  the  palmar  surface,  the  wrist 
should  first  of  all  be  firmly  bandaged  to  the  convex  part  where  the  hand 
and  arm  pieces  meet,  and  if  this  is  done  the  hand  will  be  maintained  in 
the  correct  position.  The  best  splint  is  one  made  of  plaster  of  Paris  and 
moulded  to  support  the  hand  so  that  all  the  joints  of  the  hand  and  fingers 
are  kept  in  the  required  position. 

Either  form,  metal  or  plaster,  should  have  a  thumb  piece,  as  other- 
wise flexion  deformity  of  the  interphalangeal  joint  of  the  thumb  may 
occur,  due  to  the  unopposed  action  of  the  flexor  longus  pollicis,  which  is 
supplied  by  the  median  nerve. 

With  commencing  recovery  a  short  splint  terminating  in  the  palm 
and  allowing  free  movement  of  the  fingers  should  be  used.  With  this 
splint  a  glove,  with  elastic  bands  reinforcing  the  extensor  tendons,  is  to 
be  recommended.  These  elastic  bands  should  pass  over  a  wooden 
bridge — like  a  violin  bridge — on  the  dorsum  of  the  wrist,  as  otherwise 
they  may  slip  off  the  extensor  surface,  and  into  the  clefts  between  the 
fingers.  If  they  do  slip  in  this  way  they  will  act  as  flexors  and  produce 
the  very  reverse  effect  to  that  for  which  they  are  intended.  The  tension 
of  this  elastic  is  such  that  it  will  allow  the  fingers  to  be  moved  by  the 
patient  voluntarily  contracting  his  flexor  muscles,  but  keeps  the  fingers 
extended — that  is,  the  extensors  relaxed — when  the  hand  is  not  being 
used. 
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The  splints  should  be  dispensed  with  when  voluntary  power  of  dorsi- 
flexion  is  recovered  and  not  before.  If  they  are  left  off  too  early  the 
case  will  relapse  again. 

External  popliteal  nerve.  In  the  case  of  the  lower  limb,  treat- 
ment by  posture  is  most  often  called  for  in  lesions  of  the  external  popli- 


Fig.  338.  Apparatus  for  Use  Fig.  339.  Spring  for  dealing  with 

IN  Cases  of  Foot-drop — Due  to  Foot-drop.    Note  the  leather  collar  is 

Paralysis   of   the    External  too  loose  and  does  not  take  purchase 

Popliteal  Nerve.  from  the  caH  of  the  leg. 

teal  nerve,  with  paralysis  of  the  extensors  and  consequent  foot-drop. 

At  night  these  patients  should  wear  a  spHnt  holding  the  foot  in  slight 
dorsiflexion. 

Either  a  club-foot  shoe  or  a  celluloid  or  plaster  splint  will  suffice.    A 
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light  plaster  of  Paris  splint  may  be  easily  and  cheaply  made,  and  will 
answer  the  purpose  quite  well. 

For  prevention  of  foot-drop  during  the  day  some  form  of  toe  elevator 
must  be  attached  to  the  boot.  There  are  many  patterns  in  use,  but  the 
most  satisfactory  is  the  one  figured  in  the  illustration.  It  consists  of  a 
light  outside  iron  from  the  heel  of  the  boot,  which  serves  as  a  support 
for  a  leather-covered  iron  collar  encircling  the  leg  quite  loosely  just 
below  the  knee.  To  this  collar  is  fixed  a  spiral  metal  spring,  which 
passes  down  under  the  trousers  and  is  attached  to  an  ej^let  in  the  boot. 

A  felt  gaiter  may  be  used  as  the  upper  point  for  attachment  of  the 
spring,  but  it, tends  to  be  pulled  down  and  to  press  on  the  dorsum  of  the 
foot,  causing  oedema.  A  similar  objection  holds  good  in  the  use  of 
a  leather  garter,  or,  in  fact,  any  form  of  apparatus  which  takes  its  pur- 
chase from  the  calf  of  the  leg  or  the  knee,  and  to  overcome  this  the 
garter  or  collar  should  be  suspended  from  the  pelvis. 

Internal  popliteal  nerve.  With  paralysis  of  the  posterior  tibial 
group  the  foot  must  be  held  in  the  equinus  position  to  obviate  contraction 
of  the  extensors  and  the  production  of  talipes  calcaneus. 

(2)  Nutrition.  The  measures  to  be  employed  for  the  improve-' 
ment  of  the  nutrition  of  the  paralysed  limb  are  directed  primarily  to 
restoring  the  condition  of  the  muscles,  and  are  similar  to  those  described 
in  the  treatment  of  other  forms  of  atrophy.  Attention  must  be  called, 
however,  to  the  particular  treatment  which  should  be  carried  out  during 
the  various  stages  of  recovery  which  take  place  as  the  nerve  regenerates. 

These  may  be  considered  under  the  following  headings: — 

1.  Electrical  stimulation. 

2.  Massage. 

3.  Heat. 

4.  Exercises. 

Each  of  these  will  be  dealt  with  quite  briefly  in  turn,  but  they  must 
be  regarded  as  supplementary  to  each  other  and  be  combined  in  the 
treatment  of  any  actual  case. 

Ordinarily  speaking,  treatment  commences  as  soon  as  the  wound  has 
healed,  and  should  be  carried  out  daily  in  the  early  stages,  and  more 
frequently  as  recovery  advances. 

I.  Treatment  by  electrical  stimulation.  Here  we  are  dealing 
with  electricity  simply  as  a  stimulus,  to  provoke  muscular  contraction. 

Galvanism.  In  the  early  stages  the  muscle  will  only  respond  to  the 
galvanic  current  (constant)  and  there  will  be  no  response  to  faradic 
stimulation. 

Therefore,  only  the  galvanic  current  is  used  at  this  stage.  Contrac- 
tions are  produced  only  on  making  or  breaking  the  circuit,  when  this 


PERIPHERAL  NERVE  INJURIES  877 

form  of  current,  is  used,  and  so  an  interrupting  device  must  be  placed  in 
series  in  the  circuit.  This  consists  of  a  metronome  interrupter.  An 
indifferent  pad  is  placed  in  some  convenient  spot  and  the  active  electrode 
is  applied  to  the  muscle.  The  interrupter  is  regulated  to  give  about  sixty 
contractions  a  minute,  and  the  treatment  is  carried  out  daily  for  about 
fifteen  minutes.  It  does  not  matter  whether  the  anode  (+  pole)  or 
kathode  ( — pole)  is  used  as  the  active  electrode.  That  pole  which  gives 
the  best  response  with  the  smallest  amount  of  current  should  be  selected. 
Degenerated  muscle  is  said  to  respond  most  readily  when  the  positive 
pole  is  used  and  the  current  closed.  This  is  not  always  the  case.  It  is 
perfectly  simple  to  change  the  polarity  of  the  electrode  by  the  reverse 
switch  on  the  apparatus,  and  see  which  pole  gives  the  best  result  in  any 
particular  case. 

About  5-10  milliamperes  usually  suffice,  but  sometimes  a  larger 
amount  of  current  is  necessary  to  provoke  contractions. 

There  is  no  need  to  remove  the  splints — if  splints  are  being  used. 
In  the  case  of  foot-drop  resulting  from  division  of  the  external  popliteal 
nerve,  the  anterior  group  of  muscles  should  be  treated  whilst  the  foot  is 
held  at  right  angles  to  the  leg  on  a  splint.  Similarly,  in  paralysis  of  the 
extensors  of  the  wrist  due  to  musculo-spiral  injury,  the  wrist  should  be 
kept  dorsiflexed  on  a  '  cock-up '  splint  during  the  treatment.  Sufficient 
attention  is  not  always  paid  to  this  point,  and  harm  may  be  done  by 
stretching  the  paralysed  muscles  if  the  joint  is  unsupported  during  such 
time  as  the  muscles  are  undergoing  electrical  stimulation. 

Faradism.  At  intervals  of  two  or  three  weeks  the  muscles  should 
be  tested  to  see  whether  there  is  any  return  of  faradic  excitability.  As 
soon  as  the  muscles  commence  to  respond  to  this  form  of  current  it 
should  be  employed,  but  the  galvanic  current  must  be  used  in  addition. 

The  muscles  will  not  regenerate  all  at  once,  but  will  be  in  a  state  of 
partial  degeneration.  The  regenerated  fibres — which  have  a^ain  taken 
on  transverse  striation — will  respond  to  the  faradic  current,  but  those 
fibres  which  are  still  degenerated  will  not. 

It  follows  that  if  the  faradic  current  alone  is  used,  as  soon  as  there  is 
commencing  response  to  this  form  of  stimulus  part  of  the  muscle  only 
will  be  exercised.  Whether  the  two  currents  are  applied  together,  or 
consecutively,  does  not,  I  think,  matter. 

When  the  muscle  reaches  a  further  stage  of  recovery,  and  responds 
well  to  the  faradic,  this  is  the  form  of  stimulus  to  be  recommended. 

The  various  muscles  should  be  exercised  as  described  in  a  previous 
chapter. 

It  is  essential  to  know  the  position  of  the  motor  points,  as  it  is  by 
stimulation  over  these  points  that  muscular  contractions  are  most  easily 
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brought  about.  Although  these  points  vary  slightly  in  different  indi- 
viduals the  diagrams  are  approximately  correct.  Stimulation  over  the 
motor  points  will  give  a  contraction  with  quite  a  weak  current,  and  one 
which  will  have  no  effect  over  other  parts  of  the  muscles. 

Again,  the  points  where  the  main  nerves  are  nearest  to  the  surface 
must  be  known,  as  sometimes  contractions  can  be  produced  with  a  faradic 
current  by  stimulation  over  the  nerve,  when  stimulation  at  the  motor 
point  fails  to  elicit  any  response. 

The  nerves  most  easily  approached  by  this  direct  method  of  stimula- 
tion are: — 

1.  Musculo-spiral,  in  the  groove  on  the  back  of  the  humerus  as  it 
winds  around  between  the  outer  and  inner  heads  of  the  triceps. 

2.  Ulnar  nerve,  behind  the  internal  condyle. 

3.  Median  nerve,  under  cover  of  the  biceps  in  the  upper  and  middle 
thirds  of  the  arm. 

4.  External  popliteal  nerve,  winding  round  the  neck  of  the  fibula. 
Care  must  be  taken  that  the  recovering  muscles  are  not  stimulated  to 

the  extent  of  causing  fatigue.  For  a  group  such  as  the  extensors  fol- 
lowing musculo-spiral  injury  in  the  early  stages  about  ten  minutes'  inter- 
rupted galvanic  stimulation  will  be  sufficient. 

Where  recovery  has  taken  place  to  the  extent  of  obtaining  a  faradic 
response  about  ten  minutes'  Graduated  Contraction  should  be  given. 
Treatment  by  electrical  stimulation  should  be  given  once  daily,  and  should 
continue,  if  circumstances  permit,  until  such  time  as  the  patient  regains 
functional  use  of  the  limb. 

II.  Treatment  by  massage.  Massage  treatment  may  be  employed 
daily  from  an  early  stage. 

The  object  is  to  promote  nutrition  by  improving  the  circulation  of 
the  part,  thus  accelerating  the  removal  of  waste  products  and  increasing 
the  supply  of  oxygenated  blood  to  the  muscle.  Deep  kneading  and  pinch- 
ing of  the  muscles  are  necessary,  and  the  scar  and  site  of  the  nerve  suture 
should  be  avoided. 

In  those  cases  in  which  the  patient  cannot  tolerate  deep  massage  on 
account  of  pain  light  massage  may  be  employed  with  benefit.  Massage 
treatment  should  be  employed  for  the  whole  limb  and  not  only  for  the 
paralysed  muscles.  The  limb  both  above  and  below  the  site  of  lesion 
should  be  massaged. 

III.  Treatment  by  heat.  The  affected  limb  should  always  be  kept 
warm,  wrapped  in  wool,  and  protected  from  the  cold.  In  many  of  these 
cases  the  limb  is  cold — in  some  even  it  is  cyanosed  and  blue — owing  to 
defective  circulation.  Now  on^  of  the  effects  of  cold  is  to  hinder  muscu- 
lar contractility,  not  only  voluntary  power,  but  also  contractions  brought 
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about  by  electrical  stimulation.  It  follows  from  this  that  heat  is  of 
great  value  as  an  adjunct  to  treatment,  in  improving  muscle,  and  in 
making  more  effective  the  other  forms  of  treatment,  e.g.  massage  and 
electricity. 

Heat  in  some  form — a  basin  of  hot  water  will  suffice — should  be 
applied  before  massage  or  electrical  stimulation. 

The  more  modern  methods  of  applying  heat — diathermy,  the  *  Eau 
Courante ',  or  the  whirlpool  baths — are  all  good,  but  require  special 
apparatus  which  is  not  always  obtainable.  In  practice  either  immersing 
the  limb  in  a  bath  of  hot  water  or  letting  water  from  the  hot  tap  play 
over  it  will  do  all  that  is  necessary. 

In  some  nerve  lesions  heat  will  relieve  pain,  but  in  the  so-called 
irritative  lesions  it  generally  has  the  reverse  effect  and  is  contra- 
indicated. 

IV.  Treatment  by  exercises.  This  is  the  form  of  treatment  nec- 
essary when  recovery  is  well  advanced.  The  various  forms  of  exercise 
are  dealt  with  in  the  section  on  this  method  of  treatment. 

Whenever  circumstances  permit,  assisted  exercises,  given  by  a  com- 
petent masseuse,  are  of  great  value.  If  the  masseuse  is  experienced  the 
patient  derives  the  greatest  amount  of  value  from  the  exercises  and  does 
not  run  the  risk  of  exercising  the  recovering  muscles  to  the  point  of 
fatigue. 

In  addition  to  the  special  exercises  for  the  affected  muscles  general 
exercises  are  called  for.  This  is  especially  the  case  in  treating  soldiers 
suffering  from  nerve  injuries.  The  period  of  convalescence  is  long  and 
irksome,  and  exercise,  both  physical  and  mental,  is  required.  The  train- 
ing of  patients  in  skilled  occupations  has  proved  of  the  greatest  value, 
not  merely  in  promoting  recovery  of  the  paralysed  limb,  but  even  more 
in  assisting  the  *  morale  '.  In  the  workshops  adapted  for  this  purpose 
the  men  are  given  a  definite,  regular,  and  interesting  occupation  suitable 
to  the  capacity  of  each  individual  case,  and  time  hangs  less  heavily  on 
their  hands. 

The  curative  workshops,  coupled  with  physical  drill  and  specialized 
treatment  for  the  affected  limbs  on  the  lines  laid  down,  may,  I  think,  be 
regarded  as  the  ideal  after-treatment  for  cases  of  peripheral  nerve  injury. 

Gradual  correction  of  deformity.  It  sometimes  happens  that 
contractures  have  already  occurred  as  the  result  of  inefficient  after- 
treatment,  or  from  some  unknown  cause,  and  must  be  overcome  in  order 
that  a  useful  limb  may  result  when  there  is  recovery  in  the  conducting 
power  of  the  nerve. 

These  contractures  should  be  overcome  by  the  gradual  method  of 
correction,  advocated  by  Robert  Jones  and  already  referred  to,  in  dis- 
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cussing  the  treatment  of  joint  conditions  in  which  the  lesion  is  intra- 
articular, e.g.  subacute  arthritis. 

The  principle  consists  in  overcoming  the  contractures  by  gradual 
stretching  by  means  of  splints. 


Fig,  340.    First  Stage  of  Hand.    The  Fingers  could  be  pabtially  Straight- 
ened BV  FURTHER  FlEXING  THE  WSISI. 


To  make  the  matter  clear,  this  method  of  treatment  as  applied  to  an 
actual  case  will  be  descril>ed  in  detail,  and  the  same  principles  may  be 
applied  in  dealing  with  other  joints. 

Case  H. — Paralysis  and  contracture  of  the  hand  following 
brachial  plexus  injury.     The  disability  consisted  in  inability  to  dorst- 
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flex  the  wrist,  or  to  extend  the  fingers,  which  were  flexed  slightly  at  the 
metacarpo-phalangeal  joints  and  markedly  at  the  interphalangeal.  The 
wrist  was  palmar-flexed  at  an  angle  of  about  50°  and  could  not  be  dorsi- 


Fic,  342.     Third  Stage.     Correction  of  Fingers  Maintained,  and  Wrist 

DORSIFLEXED  OH    LoNG   '  CoCK-UP '    SfLINT. 


Pio-  343-  Fourth  Stage.  Position  of  Hand  and  Wrist  Corrected,  and 
Easily  Held  in  Corrected  Position.  Shows  plaster  hand  splint  and  long 
'  cock-up '. 

flexed.    This  deformity  could  not  be  corrected  by  manipulation  or  passive 
movement. 

By  still  further  flexing  the  wrist  partial  correction  of  the  distal 
deformity  was  possible,  and  a  plaster  of  Paris  splint  was  moulded  to  the 
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palmar  surface  of  the  hand  and  fingers  in  their  corrected  position.  When 
the  plaster  had  set  sufficiently  to  retain  its  shape  it  was  carefully  taken 
oflf,  trimmed  and  allowed  to  harden,  being  reapplied  by  means  of  adhesive 
strapping.^ 

The  contracture  of  the  fingers  being  thus  overcome  and  the  recurrence 
prevented  by  the  splint,  attention  was  next  devoted  to  overcoming  the 
flexion  deformity  of  the  wrist. 

A. metal  splint  was  applied,  taking  purchase  from  the  anterior  surface 
of  the  forearm  above  and  from  the  hand  splint  below,  and  the  wrist  was 
bandaged  firmly  to  this  splint,  a  pad  being  applied  over  the  dorsal  con- 
vexity of  the  joint — the  pressure  thus  tending  to  correct  the  deformity. 
As  soon  as  this  bandage  became  loose — as  the  joint  commenced  to 
straighten  out  under  the  pressure — it  was  reapplied  more  firmly. 

In  this  way  the  flexion  deformity  of  the  wrist  w^as  overcome,  s^nd 
the  hand  and  forearm  were  got  into  a  straight  line.  At  this  stage  the 
use  of  the  separate  hand  splint  was  discontinued  and  a  metal  splint  wa^ 
applied  to  the  palmar  surface  of  the  forearm  and  hand. 

Wedges  of  felt  were  next  placed  between  the  palm  and  the  splint  to 
force  the  wrist  joint  into  a  position  of  dorsiflexion.  These  wedges  were 
placed  well  up  in  the  palm  so  as  to  avoid  the  production  of  hyper- 
extension  at  the  metacarpo-phalangeal  joints.  The  splint  was  then  bent 
to  fit  the  hand  in  its  new  position  and  more  wedges  employed  until  the 
required  degree  of  dorsiflexion  was  obtained.  In  this  way  the  various 
structures  were  stretched  in  the  order  of  their  tension,  and  when  the 
corrected  position  was  attained  the  hand  was  kept  in  this  position  until 
all  liability  to  recurrence  was  passed. 

In  the  case  of  true  ischaemic  paralysis  the  same  method  is  employed, 
but  the  correction  of  the  distal  deformity  may  necessitate  the  use  of 
several  plaster  splints  as  the  contractures  of  the  fingers  are  gradually 
overcome,  or  small  metal  splints  may  be  applied  to  each  separate  finger. 

The  principle  is  the  same  in  dealing  with  many  other  deformities, 
various  forms  of  splints,  either  of  metal  or  plaster  of  Paris,  being 
employed,  and  the  position  of  the  limb  gradually  corrected  by  constant 
pressure  in  the  required  direction. 

^  Captain  Naughton  Dunn  kindly  showed  me  this  method  of  correction  of 
deformity  with  plaster  splints,  and  it  is  with  his  permission  that  I  am  describing 
it  here. 


CHAPTER  VI 
FRACTURES 

I  PURPOSE  writing  quite  briefly  on  the  application  of  the  Graduated 
Contradtion  method  in  the  treatment  of  fractures,  in  order  to  show  how 
this  method  may  be  usefully  employed,  both  in  shortening  the  after- 
treatment  and  in  preventing  some  of  the  common  causes  of  failure,  pro- 
vided that  the  two  great  principles — viz.,  reduction  of  deformity  with 
correct  alignment  and  prevention  of  recurrence  of  deformity  by  correct 
splintage — are  carried  out. 

Speaking  generally,  if  the  deformity  is  reduced,  and  the  frag- 
ments are  placed  and  maintained  in  correct  alignment,  the  results  are 
satisfactory. 

It  is  the  failure  to  carry  into  practice  these  well-established  principles 
that  is,  in  the  main,  accountable  for  the  many  poor  results  that  are 
met  with. 

In  fractures,  either  actually  involving  joints  or  occurring  in  their 
neighbourhood,  something  more  is  needed  in  the  way  of  treatment.  If 
these  fractures  are  kept  immobilized  in  splints  until  union  is  firm,  the 
joints  become  stiff  and  the  muscular  atrophy  is  extreme. 

This  can  be  obviated  by  the  method  advocated,  and  there  are  many 
advantages,  and  as  far  as  I  know  no  disadvantages,  from  its  use ;  for  in 
treatment  of  these  conditions  by  Graduated  Contraction — 

(i)  Splints  need  not  be  removed,  and  therefore  the  fracture  is  not 
left  unsupported,  nor  is  there  any  possibility  of  recurrence  of  deformity 
from  this  cause. 

(ii)  Atrophy  is  reduced  to  a  minimum,  a  matter  of  very  real  impor- 
tance, as  affecting  the  period  of  time  during  which  the  patient  is  incapaci- 
tated. The  atrophy  is  not  entirely  prevented.  What  was  called  *  active 
wasting ',  in  speaking  of  sprains,  goes  on  in  this  case  also.  But  the  fact 
that  the  muscles  are  gently  exercised,  almost  from  the  beginning,  largely 
prevents  disuse  atrophy;  and  the  tone  is  maintained,  so  that,  when  the 
union  is  sufficiently  firm  to  bear  the  body  weight  in  the  case  of  the  lower 
limb,  or  to  allow  of  the  using  of  a  joint  in  the  case  of  the  upper,  there 
is  not  that  prolonged  period  of  convalescence  during  which  time  the 
patient  has  to  tone  up  and  re-educate  his  wasted  muscles. 

883 


884  JOINT  AND  MUSCLE  INJURIES 

(lii)  Stiffness  in  joints  is  obviated,  for  from  the  first  the  joints  are 
gently  moved  by  the  physiological  contractions  of  the  patient's  OAvn 
muscles. 

Moreover,  the  formation  of  adhesions,  both  between  the  tendons  and 
their  sheaths,  and  Ijetween  the  tendon  sheaths  themselves  and  the  sur- 
rounding structures  on  which  they  rest,  is  prevented. 

The  trauma  which  was  accountable  for  the  fracture  proljably  dam- 
aged the  joint  structures  as  well,  although  it  may  Le  in  only  a  minor 
degree. 

Now  a  joint  injured,  no  matter  how  slightly,  and  kept  long  at  rest 
almost  invariably  becomes  stiff  from  the  formation  of  adhesions.  It 
may  l)e  thought  that  a  joint  surface  damaged  by,  say,  aT-fracture  run- 
ning into  it,  is  liable  to  further  changes  if  early  movement  is  allowed. 

This  is  not  my  experience,  and  in  the  skiagram  shown  of  R.,  which 
may  be  taken  as  an  example,  the  joint  surface  is  pretty  considerably 
involved.  Now  this  case  was  treated  by  Graduated  Contraction,  which 
was  commenced  forty-eight  hours  after  the  accident.  He  had  been 
injured  in  a  motor  accident,  and  there  was  considerable  damage  to  the 
ligaments  and  structures  of  the  wrist-joint,  with  much  swelling  and 
some  pain. 

This  wrist  was  moved  gently,  by  the  contractions  produced  by  stimu- 
lation of  his  own  muscles.  The  contractions  allowed  were  quite  small, 
being  gradually  increased,  so  that  at  the  end  of  a  week  about  twenty 
degrees  of  flexion  and  a  similar  degree  of  extension  were  obtained. 

The  functional  result  was  excellent,  practically  the  only  loss  of  move- 
ment remaining  some  six  months  later  amounting  to  a  few  degrees  of 
dorsiflexion,  which  in  no  way  interfered  with  good  functional  use  of  the 
wrist  and  hand.  No  forcible  manipulation  was  necessary  at  any  period 
in  this  case. 

I  never  hesitate  to  move  the  joints  in  these  cases,  and  the  important 
point  is  to  insure  that  the  movements  produced  by  stimulation  of  the 
muscles  are  painless.  Any  irregular  or  complete  movement  would  neces- 
sarily be  painful  and  would  do  harm.  Painless  movements  are  all  that 
are  necessary  to  keep  the  joint  and  tendons  free,  and  their  range  can  be 
gradually  increased  from  day  to  day.  Any  forcible  manipulation  is 
contra-indicated. 

(iv)  Callus  is  not  formed  in  excess.  An  examination  of  the  skiagram 
in  the  case  just  recorded  is  evidence  of  this,  particularly  as  this  is  just 
the  type  of  case  in  which  any  excessive  callus  formation  is  to  be  looked 
for  and  guarded  against. 

In  none  of  my  cases  treated  on  these  lines  has  the  callus  been  exces- 
sive, or  given  rise  to  trou1)le  afterwards. 
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In  the  early  stages  the  treatment  by  massage  and  passive  movements 
has  been  much  advocated  of  recent  years. 

If  this  form  of  treatment,  as  first  scientifically  described  by  Cham- 
pionniere,  be  carried  out  without  due  precaution  and  care,  it  will  end 
in  disaster. 

[ 


Fic.   344.     Comminuted   Fracture  of   Lower    End  of   Radius   and   Ulna — 
SHowiNi]  Involvement  of  Joint  Surfaces. 

Dr.  Menne!  writes  of  Championniere  as  '  strongly  deprecating  the 
idea  that  the  treatment  of  fractures  may  be  left  in  the  hands  of  the 
ordinary  masseur.  Were  it  necessary  so  to  leave  it,  he  says  very  plainly 
that  he  would  be  the  first  to  advocate  the  continuance  of  the  older  methods 
of  treatment  as  entailing  less  risk  of  injury  to  the  patient  than  would  be 
involved  by  massage  at  the  hands  of  most  of  its  professors.' 
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rected.  Once  the  bony  deformity  is  corrected  by  operation,  the  leg 
muscles  should  be  built  up  again,  and  in  this  way  a  good  functional 
result  is  obtained. 

The  reduction  of  deformity  and  the  prevention  of  redisplacement  by 
splintage  are  considered  by  some  surgeons  to  be  quite  sufficient,  and  they 
are  content  to  dispense  with  all  early  massage  and  movements  if  these 
are  assured. 

But  I  see  no  reason  in  thus  allowing  atrophy  and  the  formation  of 
adhesions  to  occur,  when  both  can  be  in  the  main  prevented  without  risk. 

Marked  deformity  of  the  wrist  following  an  unreduced  Colles's  frac- 
ture may  and  often  does  exist,  and  if  there  is  any  contra-indication  to 
reduction  and  the  case  is  treated  by  massage  and .  stimulation  of  the 
muscles,  it  may,  and  frequently  does,  yield  a  good  functional  result. 

This  is  well  shown  in  the  case  of  a  man  who  was  brought  to  me  in 
December,  19 lo.  He  had  sustained  a  Colles's  fracture  six  weeks  before, 
the  deformity  was  not  reduced,  and  his  wrist  had  been  immobilized 
in  splints.  The  lower  fragment  was  impacted  and  the  deformity 
marked. 

The  movement  was  poor  and  limited,  and  the  power  of  gripping  and 
general  strength  in  the  hand  were  very  little. 

The  patient  refused  operation,  as  I  told  him  I  thought  he  could  get  a 
useful  hand  without,  and  time  was  of  the  utmost  importance.  He  was 
treated  by  Graduated  Contraction,  massage  (or  rather  unskilled  rubbing 
at  home)  and  exercises,  and  made  to  use  the  hand,  and  this  he  was  doing 
freely  in  a  fortnight.  In  five  weeks,  except  for  the  obvious  deformity, 
he  was  cured.  That  is  to  say,  the  hand  was  quite  strong  with  good 
movement,  and  the  result  as  far  as  function  was  concerned,  was  excellent. 

He  reported  three  months  later  that  the  wrist  gave  no  trouble,  and 
he  was  just  as  capable  as  a  wage-earner  as  before. 

The  treatment  of  the  muscles  is  only  part,  but  I  think  an  important 
patt,  of  the  whole  treatment  of  a  case  of  fracture. 

Take  the  actual  treatment  of  a  Pott's  fracture  which  has  htin  reduced 
under  an  anaesthetic,  and  in  which  the  X-ray  examination  at  this  stage 
shows  perfect  reduction. 

The  leg  and  foot  are  immobilized  in  a  plaster  splint  (Croft's  method) 
hinged  down  the  back  and  cut  down  the  front,  the  whole  being  held  in 
place  by  a  bandage. 

This  splint  can  be  removed  from  one  aspect  of  the  leg,  eg,  the  outer, 
whilst  the  foot  and  leg  are  kept  firmly  immobilized  against  the  inner  half, 
the  hands  of  the  assistant  replacing  the  outer  half  of  the  plaster  case. 

There  is  no  question  of  leaving  the  leg  unsupported,  or  altering  the 
relation  of  the  leg  and  the  dorsiflexed  and  inverted  foot.    They  are  held 
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to  the  splint  just  as  firmly  and  surely  as  though  the  whole  splint  were 
in  place. 

The  muscles  on  the  outer  side  are  gently  contracted.  (Cf.  Figs.  325, 
326,  327,  in  treatment  of  acute  sprains  of  ankle-joint.)  For  th'e  first 
week  only  minimal  contractions  are  permitted  and  no  complete  or  sudden 
movement  of  the  ankle  is  allowed.  The  tendons  are  moved  in  their 
sheaths  and  the  structures  surrounding  the  capsule  are  gently  pulled  on. 

When  the  anterior  muscles  have  been  exercised  the  external  part  of 
the  plaster  splint  is  reapplied  and  the  leg  immobilized  against  it  by  the 
assistant,  whilst  the  inner  half  is  removed  and  the  calf  muscles  stimulated. 

An  excellent  example  of  this  was  published  by  Dr.  Smart  and  myself 
in  the  Lancet,  19 12: — 

Case  8.  Pott's  fracture.  September  29th,  19 10.  The  patient  was 
a  short,  heavy  man  with  Pott's  fracture  of  the  fibula,  and  a  good  deal 
of  displacement.  Fracture  put  up  under  an  anaesthetic  on  the  29th. 
Immobilized  in  a  Croft  plaster  of  Paris  splint  with  hinge  down  the 
back.  X-ray  photograph  showed  bones  to  be  in  excellent  position. 
Four  days  later  treatment  of  the  muscles  of  the  leg  by  Graduated  Con- 
traction was  commenced.  One  side  of  the  hinged  splint  was  carefully 
removed,  and  the  leg  held  immobilized  to  the  remaining  part  of  the 
splint  by  the  nurse.  The  muscles  were  treated  for  ten  minutes;  then 
the  splint  was  reapplied  to  that  side  and  removed  from  the  opposite  side 
of  the  leg  and  the  remaining  muscles  treated.  The  patient  walked  with 
the  aid  of  two  sticks  in  five  weeks,  and  nine  days  later  gave  up  the  sticks 
and  walked  perfectly  without  support. 

Further  X-ray  photographs  showed  that  the  bones  had  united  in 
perfect  position  and  the  patient  made  a  complete  recovery,  and  reported 
twelve  months  later  that  he  experienced  no  disability  as  the  result  of 
the  accident.  The  amount  of  wasting  in  this  case  was  very  slight.  The 
calf  on  the  injured  side  at  the  end  of  a  week  was  only  slightly  smaller 
than  the  other,  and  the  tone  of  the  muscles  was  recovered  very  quickly. 
The  ankle-joint  was  moved  from  the  first  by  the  muscular  contraction. 
The  slight  amount  of  movement,  which  must  of  necessity  have  taken 
place  between  the  bone  ends  at  the  site  of  fracture,  gave  rise  to  no  pain 
and  did  not  cause  excessive  callus  formation. 

It  may  be  thought  that  the  patient  was  allowed  to  bear  weight  on  the 
limb  too  soon.  I  can  only  say  that  the  result  in  this  case  could  not  have 
been  improved  upon.  It  may  be  that  the  more  active  treatment  sug- 
gested improves  the  local  circulation  and  physiological  nutrition  of 
parts,  and  so  hastens  the  consolidation  of  callus. 

The  other  point  of  importance  is  that  the  condition  of  the  muscles 
was  such  that  the  tendons  were  able  to  take  their  part  in  supporting  the 
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joint,  and  an  abnormal  strain  was  not  thrown  on  the  ligaments,  as  is 
usual  after  a  period  of  immobilization.  Without  this  support,  the  liga- 
ments would  have  stretched  in  all  probability,  and  certainly  but  for  the 
condition  of  the  muscles  a  much  longer  convalescence  would  have  been 
essential. 


0=    ^ 


CHAPTER  VII 
NOTES  ON  SOME  FRACTURES  AND  DISLOCATIONS 

I.  Fractures  and  fracture  dislocations  of  the  carpal  bones. 

Fractures  of  the  carpal  bones  are  common,  but  are  very  often  unrecog- 
nized, and  especially  if  no  X-ray  examination  is  made  of  the  supposed 
*  sprained  wrist  \ 

The  commonest  fracture  in  this  situation  is  fracture  of  the  scaphoid, 
and  this  is  fairly  often  complicated  by  dislocation  forwards  of  the  semi- 
lunar. 

The  wrist  must  be  put  up  in  dorsiflexion,  and  sometimes  mal-position 
of  one  of  the  fragments  prevents  this.  In  this  case,  if  forcible  manipu- 
lation fails,  the  scaphoid  must  be  cut  down  upon  and  the  offending 
fragment  removed. 

The  results  of  excision  at  a  later  stage  are  not  so  good,  and  there  is 
a  tendency  to  arthritic  changes  in  the  joint  accompanied  by  pain  and 
weakness  in  the  wrist. 

If  the  semi-lunar  is  dislocated,  unless  reduction  can  be  effected  it 
should  be  removed. 

An  interesting  case  of  this  dislocation,  occurring  as  a  separate  lesion 
and  uncomplicated  by  fracture,  is  the  following: — 

The  patient,  W.  H.  C,  aged  48,  on  December  13th,  1910,  fell  down 
two  stairs,  bruising  his  side,  damaging  his  left  wrist,  and  cutting  his  head. 

His  head  condition  and  bruised  side  rapidly  recovered,  but  the  wrist 
remained  swollen,  painful,  and  with  marked  limitation  of  movement. 

An  X-ray  examination  was  held,  but  no  fracture  was  discovered, 
and  the  case  was  regarded  as  one  of  a  severe  sprain  of  the  wrist.  Mas- 
sage and  movements  were  tried,  but  these  caused  considerable  pain  and 
produced  no  beneficial  result. 

I  first  saw  the  patient  seven  weeks  after  the  accident. 

The  left  wrist  was  thickened  and  there  was  a  prominence  just  on 
carpal  side  of  radio-carpal  joint  and  deep  to  the  flexor  tendons.  There 
was  well-marked  synovitis  of  the  flexor  tendon  sheaths. 

This  part  of  the  wrist  was  tender  on  pressure. 

The  styloid  processes  of  the  radius  and  ulna  were  normally  placed, 
but  the  palm  appeared  to  be  shortened  when  compared  with  that  of  the 
opposite  side. 

891 
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There  was  no  tenderness  or  swelling  in  the  anatomical  snuff-box  to 
indicate  fracture  of  scaphoid. 

The  movement  at  the  wrist  and  mid-carpal  joints  was  markedly 
restricted.     Flexion  was  almost  nil,  extension  was  limited  to  a  few 


Fic.  347.  Anterior  Dislocation  of  Semi-lunar,  with  no  other  Bony 
Lesion.  Antero-posterior  View.  Note  the  anterior  horn  of  semi-lunar,  super- 
imposed over  the  os  magnum.  The  dislocation  can  be  recognized  from  this  view, 
although  more  clearly  shown  in  Fig,  348. 

degrees  of  movement,  and  abduction  and  adduction  of  the  hand  were 
limited,  although  to  a  less  extent.  On  attempting  any  forcible  movement 
great  pain  was  experienced  and  also  a  tingling  of  the  fingers  over  the 
median  nerve  area. 

The  grip  with  the  left  hand  was  very  poor,  and  there  was  very  marked 
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wasting  of  all  the  muscles  of  the  forearm.    These  muscles  at  once  went 
into  spasm  on  attempting  forcible  movement  of  the  joint. 

An  X-ray  examination  showed  clearly  an  anterior  dislocation  of  the 
semi-lunar  bone. 


Fig.  348,    Anterior  Dislocation  of  Semi-lunar.    Lateral  View. 

There  was  no  fracture  of  the  scaphoid. 

The  position  of  displaced  semi-lunar  was  such  that  the  facet  for 
articulation  with  radius  looked  directly  backwards  and  the  concave  facet 
for  the  OS  magnum  directly  forwards. 

Under  the  an.-csthetic  no  further  movement  was  possible.  Attempted 
reduction  was  not  successful.  When  the  muscles  were  relaxed  under  the 
anaesthetic  the  obstruction  to  the  joint  movement  was  obviously  bony. 

An  incision  two  inches  long  was  made  immediately  to  the  ulnar  side 
of  the  palmaris  longus  tendon.  Palmaris  longus  tendon  and  median 
nerve  were  retracted  outwards,  the  other  flexor  tendons  inwards.  The 
semi-lunar  bone  was  found  lying  between  the  flexor  longus  pollicis  and 
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flexor  profundus  digitorum  with  the  concave  articular  facet  for  the 
OS  magnum  looking  directly  forwards — the  position  which  the  skiagram 
had  previously  shown  the  bone  to  occupy. 

The  semi-lunar  had  come  forward  through  the  capsule  of  the  wrist- 
joint,  which  had  completely  closed  behind  it. 

The  bone  was  lying  free  except  for  two  strong  ligaments  holding 
it  to  the  scaphoid  on  the  radial  side. 

These  ligaments  were  divided  and  the  semi-lunar  was  excised. 

After  the  operation,  the  movement  at  the  wrist-joint  was  quite  free 
and  full  flexion  was  possible.  The  joint  was  bandaged  up  in  a  semi- 
flexed position. 

The  muscles  of  the  forearm  were  treated  on  the  sixth  day  by  Gradu- 
ated Contraction,  and  the  wrist  and  mid-carpal  joints  were  moved. 

The  treatment  was  carried  on  for  six  weeks,  the  amount  of  move- 
ment being  gradually  increased.  At  the  end  of  this  period  the  movement 
at  the  joint  was  excellent,  and  extension,  abduction,  and  adduction  were 
complete.  Flexion  was  almost  full,  about  seventy  degrees,  showing  that 
both  the  wrist  and  mid-carpal  joints  were  functionating.  The  wrist- 
joint  was  strong  and  the  patient  was  able  to  do  anything  with  the  hand, 
and  suffered  no  ill-effects  from  the  injury. 

The  prolonged  after-treatment  in  this  case  was  necessary  owing  to 
the  fact  that  during  the  seven  weeks  between  the  injury  and  the  time  of 
operation  very  marked  wasting  of  the  forearm  muscles  had  taken  place. 

In  cases  in  which  the  scaphoid  is  fractured  in  addition,  and  especially 
when  recognized  for  the  first  time  some  time  after  the  injury,  a  guarded 
prognosis  should  be  given.  The  functional  result  will  probably  be  satis- 
factory, but  the  movements  at  the  wrist-joint  are  not  likely  to  be  quite 
as  good  as  before. 

II.  Fracture  of  the  scaphoid  of  the  tarsus.  Fractures  of  the 
OS  calcis,  astragalus,  and  metatarsals  are  common,  but  fracture  of  the 
scaphoid  bone  of  the  tarsus  is  a  less  frequent  injury. 

I  mention  this  case  as  it  is  somewhat  unusual,  and  as  the  fracture 
was  ununited. 

The  history  was,  that  fourteen  days  before  the  patient  had  slipped 
in  endeavouring  to  get  on  to  a  moving  omnibus.  He  did  not  fall,  but 
failed  to  board  the  omnibus  and  walked  with  a  limp  to  the  station.  The 
pain  was  severe  and  the  whole  foot  swelled  some  three  hours  later.  He 
had  remained  at  home  for  a  fortnight  resting  and  massaging  the  foot, 
which  improved  each  day,  but  did  not  recover  completely. 

On  examination  the  foot  was  somewhat  swollen,  and  a  thickening 
was  noticed  over  the  scaphoid.    He  walked  with  a  limp. 

The  X-ray  examination  showed  the  fracture  (see  figure). 
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The  previous  history  was  that  thirty  years  before  when  at  school 
he  had  damaged  the  foot  jumping  a  hurdle  in  his  school  sports.  He  was 
not  laid  up  at  the  time  but  limped  about,  and  the  accident  having  occurred 
in  March  he  played  cricket  at  school  that  summer. 


Fic.  349.    Fracture  of  Scaphoid  of  the  Tassus,  ununited  and  with  Dorsal 
Displacement  of  the  Upper  Fragment. 

The  foot  had  been  '  weak  '  ever  since,  and  having  tried  various  appa- 
ratus under  different  advice  from  time  to  time,  he  had  eventually  ceased 
to  do  anything  for  the  condition,  and  had  regarded  the  foot  as  perma- 
nently weak,  hut  had  played  golf,  &c.,  and  got  about  normally. 

From  the  history  and  from  examination  of  the  skiagram  it  is  almost 
certain  that  the  fracture  occurred  in  the  first  injury  thirty  years  before. 
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and  that  the  recent  injury  was  simply  a  sprain  superadded  to  a  weakened 
foot. 

He  was  treated  with  massage,  Graduated  Contraction,  and  exercises, 
and  recovered  so  as  to  regain  his  own  normal  standard  in  a  fortnight 

The  case  is  interesting  from  two  points  of  view.  First,  the  com- 
parative rarity  of  the  lesion,  and,  secondly,  the  effect  of  restoring  the 
musculature  in  a  condition  in  which  this  was  not  the  only  part  affected. 

III.  Dislocation  of  acromio-clavicular  joint.  I  mention  this 
simply  to  call  attention  to  the  results  of  treatment. 

Dislocation  of  the  clavicle  at  this  joint  is  very  easy  to  reduce,  but 
great  difficulty  is  experienced  in  preventing  recurrence  of  the  deformity. 

To  so  great  an  extent  is  this  the  case  that  treatment  by  operation  is 
sometimes  advised,  so  that  the  joint  surfaces  may  be  kept  in  apposition 
by  wiring  or  similar  fixation. 

This  procedure  is  seldom  if  ever  necessary,  and  markedly  interferes 
with  movement  of  the  arm. 

In  my  experience  the  results  of  prolonged  fixation  are  not  very  good. 
The  deformity  usually  recurs,  and  if  by  immobilization  the  shoulder- 
joint — damaged  probably  to  some  extent  at  the  time  of  the  accident — is 
allowed  to  get  stiff  there  will  be  some  difficulty  in  producing  a  good 
functional  result. 

I  have  notes  of  several  cases,  and  in  all  of  them  deformity  was  notice- 
able and  yet  the  function  as  a  result  was  gpod. 

The  arm  should  be  fixed  to  the  side  by  a  bandage,  and  a  second 
support  should  pass  from  the  elbow  over  the  shoulder,  with  a  pad  over 
the  acromio-clavicular  joint. 

Massage  should  be  used  from  the  commencement,  and  gentle  move- 
ments of  the  shoulder  and  elbow  produced,  either  passively  by  hand  or 
physiologically  by  Graduated  Contraction.  The  hand  is  in  use  through- 
out and  not  kept  at  rest. 

Neither  for  this  condition  nor  yet  for  fractured  clavicle  is  SajTc's 
method  of  strapping  with  the  forearm  fixed  across  the  chest  to  be  advised. 
The  report  on  one  of  my  cases  seen  a  fortnight  after  the  accident,  is  as 
follows : — H.  F.  Fall  on  to  shoulder,  off  a  bicycle,  October  30th,  1913. 
In  bed  for  a  fortnight,  as  in  the  early  stages  there  was  some  doubt  as  to 
the  diagnosis. 

When  I  saw  him  there  was  marked  deformity,  with  a  stiff  shoulder. 

He  was  treated  by  Graduated  Contraction  for  a  fortnight,  with 
massage  and  exercises  at  home  during  this  period. 

The  result  was  excellent  as  regards  function.  The  shoulder  move- 
ments became  free  with  use,  and  the  breaking  down  of  weak  adhesions 
by  muscular  action. 
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Six  weeks  later  he  reported  the  arm  was  as  good  as  before,  and 
again  six  months  later  a  like  report  was  given. 

The  point  I  wish  to  bring  out  in  this  connexion  is  that  if  prolonged 
fixation,  with  the  idea  of  reducing,  and  keeping  reduced,  the  dislocation 
of  the  joint  had  been  insisted  on,  the  patient  would  have  had  in  all  prob- 
ability the  same  degree  of  deformity  and  in  addition  a  stiff  shoulder, 


r 


Fic.  350.  Dislocation  ok  Acromio-clavicular  Joint.  This  skiagram  was 
taken  after  the  patient  had  obtained  a  perfect  functional  recovery,  and  shows  th^ 
common  sequel,  viz.,  permanent  deformity. 

which  would  have  been  most  difficuh  to  cure ;  particularly  so  as  forced 
movements  would  have  again  strained  the  recently  damaged  acromio' 
clavicular  joint. 

IV.  Treatment  of  fractured  clavicle.  By  far  the  best  method 
is  that  of  Wharton  Hood,  described  by  him  in  his  book  on  the  '  Treat- 
ment of  Injuries  ',  published  some  years  ago. 

In  Sayre's  method  the  whole  forearm  and  hand,  in  addition  to  the 
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shoulder,  are  immobilized  in  the  strapping,  and  this  is  unnecessary  and 
tends  to  promote  acute  discomfort  during  treatment  and  to  prolong  the 
convalescence. 


Fig.  351.  Strapping  of  Fractured  Clavicle  (Front  View)  after  Wharton 
Hood's  Method,  but  with  the  Addition  of  a  Small  Pad  over  the  Site  of 
Fracture.    The  strips  are  put  on  in  the  order  shown,  as  numbered  in  the  figure. 

Wharton  Hood'.s  method  consists  in  immobilizing  the  fragments, 
after  reduction  of  the  deformity,  by  strapping  applied  directly  over  the 
site  of  fracture. 

Three  strips  of  arm  adhesive  plaster  are  applied,  each  one  and  a  half 
to  two  inches  wide.    The  first  is  applied  as  follows :  Commencing  at  a 
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point  immediately  above  the  nipple  in  front,  it  passes  directly  upwards, 
over  the  fracture,  and  down  over  the  dorsum  of  the  scapula  behind,  to 
a  point  just  below  the  angle  of  that  bone. 


Fig.  352.    Same — Back  View. 

Two  lateral  strips  are  then  applied,  one  just  to  the  inner  and  one  to 
the  outer  side  of  the  first  strip,  and  slightly  overlapping  it.  These 
strips  converge  over  the  seat  of  fracture  and  diverge  slightly  below.  A 
small  pad,  made  of  half-a-dozen  thicknesses  of  sticking  plaster,  as  shown 
in  the  figure,  placed  sticky  side  out  to  allow  of  good  fixation,  put  on 
over  the  site  of  fracture,  will  assist  fixation  of  the  fragments. 
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The  arm  is  supported  by  a  sling,  and  the  hand  may  be  used  from 
the  first. 

Massage  treatment  is  commenced  at  once,  the  limb  being  massaged 
without  disturbing  the  strapping.  As  the  latter  tends  to  become  loose 
in  a  few  days,  it  is  removed  and  fresh  strapping  applied. 

Underhand  movements  can  be  commenced  gently  from  the  first. 


Fig.  353.     Fracture  Surgical  Neck  of  Humerus,   U-nrecocnized  for  Fm 

Weeks. 

The  patient  should  be  able  to  do  most  things  at  the  end  of  a  fort- 
night, being  careful  not  to  strain  the  arm  by  lifting,  &c. 

At  the  end  of  three  weeks  the  arm  should  be  strong  and  all  move- 
ments free. 

V.  Fracture  of  surgical  neck  of  humerus  in  a  boy.  This  case, 
of  which  the  skiagram  is  reproduced,  is  interesting  from  the  history. 
The  boy  fell  out  of  a  tree,  and  injured  the  arm  and  shoulder,  on  July  2. 
1913.  His  mother  was  told  '  he  had  bruised  the  arm  badly  ',  and  it  was 
'  rubbed  night  and  day  with  some  kind  of  lotion '. 
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Five  weeks  later  he  came  to  hospital  on  account  of  the  complete 
wasting  of  the  arm,  with  paralysis  of  the  deltoid. 

The  case  was  at  first  regarded  as  injury  to  the  circumflex  nerve, 
but  a  skiagram  at  once  cleared  up  the  diagnosis,  and  I  would  again 
emphasize  the  necessity  of  an  X-ray  examination  in  these  cases  of  joint 
injury. 

The  adhesions,  which  were  slight,  were  broken  down  without  any 
anaesthesia,  and  the  muscles  of  the  arm  and  shoulder  girdle  were  treated 
by  Graduated  Contraction.  At  the  commencement  of  treatment  the 
deltoid  wasting  was  most  marked,  but  the  muscle  reacted  normally  to 
the  faradic  current. 

He  recovered  complete  function  in  three  weeks. 


CHAPTER  VIII 
TREATMENT  BY  MASSAGE  AND  EXERCISES 

The  scope  and  usefulness  of  massage  treatment  in  dealing  with  acute 
sprains  has  been  indicated.  In  acute  lesions  massage  has  a  very  definite 
use.  It  is  the  main  therapeutic  agency  for  reducing  oedema  and  alleviat- 
ing pain. 

Light  massage.  The  effleurage  of  the  French  writers  is  a  very 
gentle  stroking  movement.  It  is  the  only  form  of  massage  to  be  recom- 
mended in  dealing  with  acute  lesions,  and  in  these  any  vigorous  rubbing 
will  be  painful  and  is  contra-indicated.  In  acute  cases — sprains  and  the 
like — massage  must  never  give  rise  to  pain.  In  competent  hands  it  has 
the  reverse  effect. 

Deep  massage.  The  various  manipulations  have  been  described  as : 
(i)  Petrissage,  which  consists  in  kneading  and  in  pinching  up  parts  of 
the  muscle;  (ii)  Tapotment,  hammering  or  percussing  the  muscles  with 
the  fingers  or  the  ulnar  border  of  the  hands;  (iii)  Friction,  circular 
movements  usually  made  with  the  tips  of  the  fingers;  (iv)  Vibration^ 
which  may  be  performed  either  with  the  hands,  or  with  the  aid  of  instru- 
ments of  various  kinds — vibrators. 

Deep  massage  should  never  be  ordered  in  acute  cases,  but  it  is  the 
form  of  massage  to  be  recommended  when  dealing  with  chronic  condi- 
tions, e.g.  the  dispersal  of  the  semi-solid  cedema,  so  often  present  after 
severe  injuries  or  in  neglected  cases,  and  for  which  the  gentle  stroking 
is  of  little  use. 

Deep  massage  acts  by  accelerating  the  venous  and  lymphatic  circula- 
tion, and  so  increasing  the  supply  of  oxygenated  blood  to  the  part.  It 
is  of  service  in  reducing  thickening  and  in  breaking  up  inflammatory 
products.  By  its  effect  upon  the  blood  supply,  it  aids  in  muscle 
regeneration. 

The  two  forms  of  treatment,  massage  and  exercises,  are  almost 
always  referred  to  together,  and  in  this  way  I  think  their  functions  have 
been  confused,  and  the  common  mistake  made  of  attributing  to  these 
two  very  distinct  therapeutic  agencies  the  same  effect. 

For  redevelopment  of  wasted  muscle,  exercises  are  of  the  utmost 
value,  whilst  massage,  in  comparison,  is  of  little  use,  although  assisting, 
by  its  action  on  the  blood-vessels,  in  maintaining  the  nutrition  of  the  parts. 

In  treating  the  later  results  of  injury,  when  the  main  object  of  treat- 
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ment  is  to  redevelop  and  re-educate  wasted  muscles,  active  exercise 
against  resistance  is  the  ideal  method,  but  a  badly  strained  or  much- 
wasted  muscle  is  incapable  of  performing  active  exercise. 

In  dealing  with  a  group  such  as  the  adductors,  it  is  quite  possible, 
and  in  practice  it  is  common,  to  find  one  member  of  the  group,  usually 
the  adductor  longus,  strained,  elongated,  and  lacking  in  tone,  and  so 
incapable  of  performing  complete  voluntary  contraction.  This  is  notice- 
able only  in  certain  movements — in  this  case  gripping  the  saddle  when 
riding. 

If  exercises  are  ordered  and  the  patient  is  made  to  practise  adduction 
exercises,  such  as  raising  a  weight  zna  a  pulley,  the  action  is  performed 
by  the  undamaged  members  of  the  group,  the  strained  adductor  longus 
not  taking  its  due  share  in  the  exercise. 

The  failure  of  treatment  in  this  case  is  not  apparent  until  the  par- 
ticular muscle  is  called  upon.  The  patient  can  adduct  quite  well  and 
strongly,  but  if  he  rides  again,  and  puts  a  sudden  strain  on  the  muscle, 
as  is  experienced  when  a  horse  swerves  at  a  fence,  or  pecks  on  l^ndipg, 
the  disability  and  pain  immediately  recur. 

Cases  are  sometimes  met  with  in  which  one  would  suppose  that 
massage  and  exercises  were  all  that  were  necessary,  and  yet  the  patients 
have  been  treated  by  these  methods  for  a  month  or  longer  with  little 
benefit.  The  following  case  is  of  interest  in  this  connection.  In  Febru- 
ary, 191 1, 1  saw  a  lady  who,  two  and  a  half  months  before,  had  sprained 
her  left  ankle.  It  was  a  simple  sprain.  She  had  l^een  seen  at  the  time 
by  a  competent  surgeon,  and  a  skiagram  had  shown  that  the  sprain  was 
not  complicated  by  a  fracture  of  the  fibula.  During  the  two  and  a  half 
months  between  the  time  of  her  accident  and  her  visit  to  me  she  had 
been  having  massage  and  exercises  daily,  but  in  spite  of  this  treatment 
she  was  unable  to  walk  more  than  a  hundred  yards  on  account  of  pain, 
and  in  addition  complained  of  considerable  pain  in  the  ankle  and  up 
the  leg. 

The  anterior  tibial  and  peronei  muscles  were  markedly  wasted,  but 
movement  at  the  joint  was  complete  in  every  direction  and  there  were 
no  adhesions.  She  was  treated  by  Graduated  Contraction  for  a  fort- 
night, and  could  then,  she  stated,  '  walk  a  mile  \  At  the  end  of  three 
weeks  she  was  told  to  discontinue  all  treatment  and  simply  walk  and  use 
the  leg.  She  complained  of  pain  for  a  week  longer,  and  then  was  com- 
pletely cured. 

The  anterior  tibial  group  had  hypertrophied  to  an  extraordinary 
degree,  and  overlapped  the  crest  of  the  tibia,  the  muscle  being  actually 
developed  in  excess  of  that  of  the  other  leg.  Six  months  later  she  wrote 
to  me  and  said  she  had  had  no  further  trouble  with  the  leg. 
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With  the  exception  of  these  cases,  in  which  one  member  of  a  muscle 
group  requires  redevelopment  out  of  all  proportion  to  the  other  members 
of  that  group,  and  in  these  cases  as  well,  when  the  recovery  has  been 
sufficiently  advanced,  well-planned  exercises  will  complete  the  cure  and 
are  to  be  recommended. 

The  consideration  of  exercises  for  this  purpose  may  be  discussed 
under  two  heads : — 

(i)  The  Ling  system  of  medical  gymnastics  or  some  modification 
of  this  system. 

(2)  Exercises,  with  apparatus. 

Whichever  form  is  recommended,  and  both  have  their  uses,  it  is 
first  absolutely  essential  to  their  ultimate  success  that  the  patient  himself 
take  an  intelligent  interest  in  their  performance. 

It  is  quite  easy  for  him  to  carry  out  a  whole  series  of  carefully  planned 
exercises  in  a  slipshod  and  careless  manner  and  to  derive  little  or  no 
benefit  from  their  performance.  Not  only  must  he  be  taught  the  exact 
method  of  carrying  out  each  individual  exercise,  but  he  must  be  super- 
vised during  its  performance  by  someone  capable  of  instructing  him, 
in  order  that  the  position  and  the  attitude  of  the  body  as  a  whole  may 
be  correct. 

Both  these  provisos  are  absolutely  essential  if  the  treatment  by  exer- 
cises is  to  assist,  and  take  its  proper  place  as  an  adjunct  to  the  treatment 
of  the  injury,  and  be  the  final  stage  in  perfecting  the  cure. 

The  most  useful  form  of  exercise  for  the  muscles  which  govern  the 
ankle-joint  are  tip-toe  exercises.  First  standing  with  heels  together 
and  toes  apart,  and  rising  on  the  toes  some  ten  times.  Then,  after  an 
interval  of  rest,  repeating  the  exercise  with  toes  together  and  heels  apart. 

I  always  insist  on  the  patient  holding  the  position,  in  this  case  on  his 
toes,  w-hilst  he  counts  three  slowly,  and  relaxing  absolutely  for  a  similar 
period  before  repeating  the  movement.  Inversion  exercises,  raising  the 
inner  border  of  the  foot,  should  follow. 

There  is  no  objection  to  his  steadying  himself  by  holding  a  chair 
w^hilst  performing  both  these  and  the  following  exercise  for  the  thigh 
muscles.  To  exercise  the  quadriceps  the  patient  stands  at  attention, 
rises  on  his  toes,  and  then  fully  flexes  the  knees,  assuming  the  squatting 
position. 

This  position  he  holds  whilst  counting  '  one,  two,  three,'  and  then 
slowly  returns  to  the  original  position.  This  exercise  is  of  great  value 
for  the  quadriceps,  and  once  all  the  members  of  that  group  are  function- 
ating is  to  be  recommended. 

At  first  the  full  squatting  position  cannot  be  attained,  and  most  of 
the  weight  and  strain  will  be  borne  by  the  normal  limb.    This  is  gradu- 
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ally  overcome,  but  for  some  little  time  the  patient  must  retain  his  balance 
by  holding  on  to  some  support  with  his  hands. 

If  the  weakness  is  very  marked  and  there  is  lateral  mobility  of  the 
joint,  the  exercise  can  be  done  in  a  similar  way,  but  with  less  strain  on 
the  joint.  The  feet  are  placed  parallel  to  one  another  about  six  to  eight 
inches  apart,  and  the  knees  also  are  kept  parallel,  and  pointing  directly 
forward  all  the  time.  This  obviates  the  rotation  of  the  joint,  noticeable 
in  the  preceding  exercise. 

The  other  important  and  simple  exercise  which  requires  no  apparatus 
is  '  climbing  the  wall ' — for  limitation  of  movement  or  weakness  of  the 
shoulder-joint.  The  patient,  being  unable  to  raise  his  arm  above  his 
head  by  voluntary  muscular  effort,  stands  facing  a  wall  or  door  and 
puts  the  hand  of  the  affected  side  as  far  up  as  possible.  He  then 
endeavours  to  get  it  still  higher,  by  working  up  with  his  fingers.  When 
he  has  reached  the  limit,  he  fixes  the  hand  with  his  other  hand,  and, 
bending  his  knees  slightly,  allows  the  body  weight  to  exert  a  pull  on 
the  joint. 

These  are  simple  exercises  which  an  intelligent  patient  can  carry  out 
for  himself  on  being  shown  exactly  what  to  do. 

The  so-called  '  duplicated  exercises '  require  an  assistant,  and  one 
trained  to  co-operate  intelligently  with  the  ideas  of  the  surgeon.  The 
exercises  are  of  two  types,  the  first  in  which  the  patient's  feeble  attempts 
at  voluntary  movement  are  assisted  by  the  masseuse,  and  the  second  in 
which  his  stronger  efforts  are  resisted,  and  so  the  muscles  given  more 
work  to  do,  in  performing  the  movement. 

These  duplicated  exercises,  if  they  are  to  be  successful,  require  a  high 
degree  of  skill  on  the  part  of  the  assistant,  usually  the  masseuse.  Espe- 
cially is  this  the  case  in  the  second  class  *  resisted  \  In  these  resisted 
exercises  two  types  are  practised. 

In  the  one  the  patient's  active  muscular  effort  is  resisted  by  the 
masseuse,  and  in  the  other  the  masseuse  makes  a  movement — eg,  flexing 
or  extending  the  forearm — and  the  patient,  grasping  the  wrist,  resists, 
calling  into  play  those  muscles  which  are  in  need  of  development. 

It  is  in  the  application  of  the  correct  amount  of  force  by  the  assistant 
that  the  special  skill  lies.  This  must  never  be  such  as  to  cause  the  patient 
to  strain  his  recovering  muscles. 

Unless  a  skilled  assistant,  and  one  who  can  be  relied  on  to  use  the 
right  amount  of  resisting  effort,  can  be  obtained,  duplicated  exercises 
should  not  be  attempted.  They  will  not  only  fail  to  do  good,  but  will 
do  actual  harm  and  delay  recovery. 

Exercises  by  means  of  apparatus.  All  that  is  really  necessary 
in  the  way  of  apparatus  is  of  the  simplest  type,  and,  once  the  principles 
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on  which  it  depends  are  grasped,  may  be  made  by  a  local  carpenter  at  a 
very  small  cost  by  means  of  weights  and  pulleys.  Large  and  costly 
machines  are  on  the  market,  the  best  known  of  course  being  the  Zander 
apparatus,  some  cheaper  and  less  cumbersome  modifications  of  which  are 
now  made  in  Paris. 

The  cost  of  the  Zander  machines  and  the  space  necessary  for  them 
prevent  their  being  used  except  in  large  institutions. 

They  can  be  quite  well  replaced  by  the  weight-and-pulley  apparatus. 

By  a  suitable  arrangement  of  weights  and  pulleys  any  desired  group 
of  muscles  may  be  exercised.  The  details  necessary  can  be  worked  out 
for  each  individual  case,  the  patient  lying,  sitting,  or  standing  before 
the  apparatus. 

Either  a  webbing,  stirrup,  or  handle  serves  as  an  attachment  for  the 
patient,  depending  on  w-hether  it  is  the  lower  or  upper  limb  or  limbs 
which  he  is  to  exercise. 

For  exercising  the  fingers  and  wTists,  nothing  equals  the  roller,  fixed 
some  four  feet  from  the  ground,  with  a  cord  carrying  a  weight  attached 
and  so  arranged  that  the  cord  gradually  winds  up  on  the  roller  as  this  is 
turned.  A  ratchet  is  attached  to  the  roller  at  the  end,  allowing  it  to 
rotate  in  the  required  direction  only  at  any  one  time.  An  over-  or  under- 
hand grasp  of  the  roller  will  exercise  the  flexors  or  extensors  as  desired. 

The  circumference  of  the  roller  itself  should  be  varied  at  different 
parts,  to  allow  of  the  fingers  grasping  it,  even  when  their  complete  volun- 
tary flexion  is  not  obtainable.  Eight  inches  at  the  large  end  and  four 
and  a  half  at  the  small  will  be  a  convenient  size. 

For  exercising  the  individual  fingers,  practising  on  a  typewriter 
machine  or  piano  playing  are  either  of  them  excellent,  or  some  simple 
exercise  can  be  devised,  calling  for  individual  movements  on  these  lines. 

Treatment  by  heat.  Used  in  combination  with  massage,  the 
various  applications  of  heat  are  useful,  but  they  are  only  an  adjunct  to 
treatment,  and  should  be  regarded  as  such. 

The  injured  joint  should  be  treated  by  some  form  of  heat,  before 
massage,  and  in  many  cases  before  electrical  treatment.  This  is  particu- 
larly necessary  in  dealing  with  cases  of  peripheral  nerve  injury. 

In  discussing  Hutton's  methods,  Wharton  Hood  describes  how  he 
invariably  pouhiced  the  joint  for  a  week  before  performing  any  manipu- 
lative treatment. 

The  more  modern  methods  of  applying  heat,  either  by  radiant  heat, 
diathermy,  or  the  newest  of  all,  the  *  Eau  Courante  '  and  whirlpool  baths, 
are  all  useful. 

They  tend  to  relieve  pain  and  give  the  patient  a  general  sense  of 
comfort.     They  produce  local  hyperccmia,  lasting  for  a  varying  period. 
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Fig.  354:  Comrined  Machine  for  Weight- an o-pulley  Exercises  anh 
Wrist  Roller.  This  machine  was  devised  by  Dr.  Mennel,  and  allows  for  all 
forms  of  exercise.    Any  part  may  be  used  separately. 

It  combines  in  one  apparatus — 

(i)  The  weight-and-pulley  apparatus. 

(2)  The  roller  for  wrist  exercises  of  flexion  and  « 

(3)  Supination  and  pronation  exercises. 

(4)  The  ladder. 

(5)  Sliding  seat. 
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The  treatment  of  stiff  and  painful  joints  by  *  Eau  Courante '  baths 
is  being  much  advocated  at  the  present  time. 

In  this  form  of  treatment  the  affected  limb  is  immersed,  usually,  in 
hot  water.  The  water  is  made  to  whirl  round — as  a  kind  of  whirlpool 
arrangement — by  means  of  a  motor-driven  propeller.  In  some  of  the 
*  Eau  Courante '  baths,  air  is  also  driven  into  the  water  under  pressure. 

The  effect  of  this  is  pleasant,  and  produces  hyperaemia  of  the  part, 
and  a  sense  of  comfort.  The  effect  of  the  air  bubbles  in  the  rapidly 
moving  water  produces  a  similar  sensation  to  light  massage. 

This  treatment  is  certainly  beneficial  and  in  slight  cases  will  he  all 
that  is  necessary  if  followed  by  exercises  and  use  of  the  limb,  but  too 
much  should  not  be  claimed  from  its  use. 

A  stiff  and  crippled  joint  can  only  be  restored  to  functional  utility 
by  getting  rid  of  the  adhesions  restricting  mobility  and  rebuilding  up 
the  musculature. 

These  baths,  just  as  the  other  physico-therapeutical  methods,  are  of 
service,  but  cannot  of  themselves  replace  the  main  methods  already 
described,  and  which  are  essential  to  successful  treatment. 

Application  of  heat  immediately  followed  by  massage  is  to  be  recom- 
mended in  cases  of  stiff  joints,  but  the  main  treatment — viz.,  the  breaking 
down  of  the  adhesions,  either  by  forcible  manipulation  or  gradual 
splintage,  and  the  redevelopment  of  the  atrophied  muscles — ^is  not  lost 
sight  of. 

Ionization,  too,  is  useful  in  some  cases;  it  tends  to  loosen  adherent 
scars,  and  assists  very  materially  in  promoting  absorption  of  fluid  in 
joints. 

Like  the  other  methods  just  referred  to,  it  is  useful  in  dealing  with 
stiff  and  painful  joints,  probably  in  that  it  produces  hyperaemia,  which 
in  this  case  lasts  very  considerably  longer  than  when  induced  by  other 
methods. 

Ionization  with  chlorine  or  iodine  ions  is  employed  for  resolving  scar 
tissue,  whilst  for  synovitis  a  2  per  cent,  solution  of  sodium  salicylate  is 
the  most  effective. 

Altogether  too  much  has  been  claimed  for  ionization  by  some  enthusi- 
asts, but  used  with  proper  technique, — viz.,  long  sittings  and  big  cur- 
rents— there  is  scope  for  its  employment  as  an  adjunct  to  the  treatment 
of  many  of  these  cases  of  injury,  either  acute  or  chronic. 
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Abbe's    operation    for    abdominal 

aneurysm,  470 
Abdominal  aorta,  ligature  of,  469 
indications,  469 
operation,  471 
Abduction    frame    (Jones's)    in   treat- 
ment of  fractures  about  the 
neck     of     the     femur,     cut 
showing,  802 
applied,  cut  showing,  803 
carried,  cut  showing,  805 
Abduction  in  the  treatment  of  fractures 
about  the  neck  of  the  femur, 
802 
injuries  of  shoulder-joint,  757 
Accidental  wounds,  27 
Acriflavine,  as  antiseptic,  903 
Acromio-clavicular     joint,     dislocation 

of,  754 
ligaments  of  the,  754 

putting  up,  cut  showing,  755 

treatment,  755 
Acute  sprains,  treatment  of,  842,  844 
Adhesions,  ankle,  rigid  flat-foot,  826 

back,  795 

breaking   down   of,    by   manipula- 
tion, 743 

diagnosis  of,  742 

elbow,  743,  780 

knee,  743 

rotation,   importance   of,   in  treat- 
ment, 743 

shoulder,  743,  768 

stiffness   of   injured   joint   due   to 
formation  of,  742 

treatment,  743 

wrist,  784 
Adrenalin,   use  of,  in  the   removal  of 
the  Gasserian  ganglion,  595, 

59? 

in  resection  of  the  superior  maxil- 
lary nerve,  585,  586 
Age,  in  relation  to  amputation,  180 
Agglutination  test  of  blood,  397 
Air,  potential  infectivity  of,  7 

supply  to  operating  theatres,  10 
Air-borne  infection,  7 

of  wounds,  prevention  of,  10 

sources  of,  7 
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Albee  operation,  sliding  graft  in  frac- 
tures, 713 
Alcohol,  antiseptic  action  of,  906 
Alcohol-apomorphine  narcosis,  170 
Alcoholic  solutions  in  skin  disinfection, 

906 
Alkalinity  of  Dakin's  solution,  phenol- 

phthalein  test  for,  936 
Alypin,  use  of,  in  local  anaesthesia,  99 
Ambulatory     treatment     of     fractures, 

702 
Amputation,  sec  also  Disarticulation 
Amputation,  177 
at  ankle,  306 
of  arm,  240 

for  avulsion  of  a  limb,  178 
Berger's  interscapulo-thoracic,  183, 

270 
bone  in,  division  of,  204 
Bunge's  aperiosteal  method  in,  189 
Garden's,  Lister's  modification  of, 

350 
choice  of  methods,  200 

Ghopart's  292 

cicatrix,  position  and  characters  of, 

189 
circular,  196 
circular    constriction    of    limb    in, 

192 
conditions  always  requiring,  178 
conditions    occasionally    requiring, 

179 

dangers  of,  182 

for  deformities,  181 
digital  compression  in,  191 
drainage  after,  208 
Duval's,  Marcellin,  325 
at  elbow,  sec  Disarticulation 
elliptical  incision  in,  198 
Esmarch's  bandage  in,   192,   193 
fingers,  213 

by  antero-posterior  flaps,  218 
by  the  circular  racket  incision, 

220 
disarticulation    at    the    meta- 
carpo-phalangeal       articula- 
tions, 218 
terminal  inter-phalangeal 

joint,  214 
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Amputation:   fingers,    (cont.) 

by  elliptical  incision,  224 

by  flap  method,  214 

by  the  oblique  racket  incision 

221 
by  a  single  large  lateral  flap 
(Farabeuf's       amputation), 
223 
of  more  than  one  of  the,  with 
corresponding       metacarpal 
bones,  231 
surgical  anatomy,  213 
with     metacarpal     bone,    226, 

229 
through  one  of  the  phalanges, 
by  antero-posterior  flaps,  218 
by  a  large  internal  or  exter- 
nal flap,  218 
lateral  flaps,  218 
single  dorsal  flap,  218 
single    long    palmar    flap, 
218 
flap  methods  in,  187,  196,  198,  200 
of  foot,  275,  282 
forearm  and  elbow,  240 
through  the  forearm,  240 
by  circular  method,  240 
by  cuff  method,  243 
by       equal       antero-posterior 
flaps,  246 
*fore-quartcr,'  270 
form  of,  factors  influencing.  186 
for  fractures,  178,  179 
Furneaux  Jordan's,  182,  366 
for  gangrene,  179 
general  considerations,  177 
Gordon  Watson's,  317 
(}uillotine  operation,  196 
hjemorrhage  in,  184,  191,  193,  207 
of  hand  and  wrist,  213 
Hcy's,  282,  329 
at  hip,  see  Disarticulation 
immobilization   of   the   limb   after, 

208 
indications,  178 
interscapulo-thoracic,  Bcrger's,  183, 

270 
for  joint-disease,  180 
at  knee,  see  Disarticulation 
knife  in,  methods  of  holding  the, 

201 
Lee's,  331 
Le   Fort's,  316 

of    leg,    at    'the    scat    of    election,' 
320,  322,  323,  333 


Amputation  of  leg,  (cont.) 
circular,  334 

equal  lateral  skin  flaps,  336 
by     a     large     external     flap 
(Farabeuf's),  338 
of  leg  and  knee,  320 
through  the  leg,  320 
through  the  middle  of  the  leg.  329 
by  a  single  long  anterior  flap 

(Lister's  operation),  331 
by  a  long  posterior  and  short 
anterior  flap   (Hey's  ampu- 
tation), 329 
ligature  in,  preliminary  permanent. 
192 
temporary,  191 
Lisfranc's,  283 
Lister's,  331 
method  of  controlling  haemorrhage 

in,  193 

modification  of  Gardens,'  350 

in  the  lower  extremity,  275 

for  malignant  disease  of  bone,  178 

malposition  of  joints  after,  828 

methods,  choice  of,  200 

mortality  of,  212 

Nelaton  s,  304 

Pirogoff's,  313 

post-operative  treatment,  210 

principles  underlying,   185 

proper,  177 

and  disarticulation,  factors  in- 
fluencing choice  between,  177 

retractors  in,  application  of,  204 

at  the  *seat  of  election,'  320,  333 
by  circular  incision,  334 
by  equal  lateral  flaps,  336 
by  laree  external  flap  (Fara- 
beuf  s  method),  338 

sepsis  in,  185 

shock  as  influencing,  182 

at  shoulder,  see  Disarticulation 

Skey's,  283 

Spence's,  265 

spinal  analgesia  a  means  of  com- 
bating shock  in,  184 

Stephen   Smith's,  342 

Stokes-Gritti,  352 

stump,  characters  of  a  faulty,  190 
characters  of  a  good,  187 
conical,  190 
end-bearing,  209 
future  of  the,  209 

for   suppuration   in   an   extremitv. 
180 
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Amputation:  (cont.) 

supra-malleolar,  by  a  long  posterior 
flap,  326 
by   an   oblique   elliptical   inci- 
sion, 323 
sutures,  208 
Syme's,  306 

at  the  tarso-metatarsal  joints,  282 
Teale's,  329 

through  the  thigh,  circular,  356 
by    long    anterior    and    short 
posterior  flaps,  358 
of  thumb,  by  elliptical  incision,  224 
by    single    large    lateral    flap 

(Farabeuf's),  223 
with  its  metacarpal,  226 
of  tip  of  thumb,  flap  method,  217 
of  toes,  275 
trans-calcaneal,  313 
trans-condyloid,   and   supra-condy- 
loid,  348 
Lister's    modification    of   Car- 
den's,  350 
by  long  anterior  and  short  pos- 
terior flaps,  349 
Stokes-Gritti,  352 
Tripier's,  295 
for  ulcers,  181 
in  the  upper  extremity,  213 
through  the  upper  arm,  256 

by  antero-posterior  flaps,  260 
by  circular  method,  259 
by  large  external  flap,  262 
through  the  upper  arm  and  shoul- 
der, 256 
varieties,  177 

V.  conservative  treatment,  185 
wound,  closure  of  the,  207 
at  wrist,  233 
Anaemia,  pernicious,  blood  transfusion 

in,  412 
Anaesthesia,   general   principles   under- 
lying* 33 
after  care  of  patients,  69 

anaesthetic    screen,   cut   show- 
ing, 50 
anaesthemometer       (Konnell), 

53 
artificial  respiration,  Sylvester 

method  of,  67 

breathing  during,  types  of,  63 

closed  or  rebreathing  method, 

technique  in  use  of,  52 
chloroform,  39 
degrees  and  stages  of,  60 


anaesthesia :   ( cont. ) 
ether,  42 
ether-oil   colonic,    58 

Gwathmey  method  of  ad- 
ministration, 58 
ether-vapor  rectal,  58 
ethyl  bromide,  44 

characteristics  of,  45 
ethyl  chloride,  44 

characteristics  of,  45 
intrapharyngeal,   53 

tube  for  use  in,  55 

insufflation,  67 
intratracheal,  55 

insufflation,  67 
intravenous,  56 

advantages  and  disadvan- 
tages, 57 

technique    in    administra- 
tion of,  57 
kidney  function  under,  y2 
lung    complications    following 
operation,  70 

ether  pneumonia,  71 

lung  abscesses,  71 

preventive    treatment    of, 

72 

mortality  statistics  during,  39 
nausea  following  use  of,  69 
treatment  for,  70 
and  vomiting  during,  69 
open  ether,  49 

advantages  of,  52 
methods  of  producing,  49 
technique    in    administra- 
tion, 50 
posture    paralysis    after    long 
operations,  68 
change  of  posture,  indica- 
tions for,  68 
preparation  of  the  patient  be- 
fore administration,  47 
rectal,   58 

respiration  during,  61 
respiration  arrest,  methods  for 

relief  of,  66 
sedatives  before,  use  of,  46 
atropine,  46 
morphine,  47 

scopolomine,        disadvan- 
tages of,  47 
selection  of  an  anaesthetic,  33 
vomiting  following,  69 
treatment  of,  70 
nitrous  oxide-oxygen,  75 
advantages  in  use  of,  75 
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Amesthesia :  nitrous  oxide-oxygen  (c'd) 
apparatus    used,    requirements 
of,  79 
cuts  showing,  80,  8 1 
technique  in  administration,  75 

illustrations   showing, 

76,  77 
technique   for  special  op- 
erations, 80-96 
abdominal,  80 
abscess  of  lung,  83 
empyema,  83 
extremities,  83 
face,  84 
head,  84 
neck,  84 
obstetrical,  91 
obstructive,  91 
ophthalmic,   91 
pleurisy,   83 
spinal  cord,  83 
for    special    types    of 
cases,  91 
Anaesthesia,  local,  97 
advantages  of,  no 
after  effects,  prevention  measures, 

109 
alypin,  disadvantages  of  use  in,  99 
apothesine,  action  of,  loi 

solution  of,  103 
benzyl  alcohol,  use  of,  100 
chlorbutanol      (chloretone,      adju- 
vant action  of,  99 
cocaine  solution,  98 

toxicity  of,  98 
disadvantages    and    complications, 

III 
drugs  used,  sec  Anaesthetics,  local 

toxicity  of,  101 
ethyl  chloride,  freezing  by,  97 
cucaine-a,  characteristics  of,  99 
eucainc-b,  characteristics  of,  100 
injection  method  of,  106 
in    gall    bladder    operations,    tech- 
nique of,  134 
in  hernia  operation,  radical  cure  of 

in  kidney  operations,  technique  of, 

?34 
novocaine      hydrochloride       (pro- 
caine), advantages  in  use  of, 

lOI 

preparation  of  the  patient,  108 
procaine,   preparation   of   solution, 
103 


Anaesthesia  local:  procaine,   {cont,) 

and  epinephrin  combined,  ad- 
vantage of,  104 
and    potassium    sulphate,    ad- 
vantages of,  104 
with  calcium  chloride,  for 
prolonged  action,   104 
quinine  and   urea  hydrochlor- 
ide,   advantages    in    use   of, 
100 
syringe,   record,   cut   showing, 

toxicity  of  various  drugs  used 
in,  loi 
Anaesthesia,  narcotic,  169 
advantages  of,  171 
alcohol-apomorphine,  170 
dangers  in  use  of,  172 
drugs  used,  170 
resuscitation  following  opera- 
tion, 172 
scopolamine-morphine,  169,  171 
Anaesthesia,  regional, 

technique  of.  112 
face  operations,  114 

maxillary  branch  of  the  5lh 
nerve  point  of  injection, 
cuts  showing,  116,  117 
gasserian  ganglion,  point  of 
injection,  cuts  showing,  118, 
119,  120 
head  operations,  112, 

mandibular    nerve    point    for 
blocking   of,    cuts    showing. 

ii3»  114 
lower  extremity,  nerves  of,  127 

in  trunk  operations,  129 

abdominal  operations,  130 

gall  bladder,  technique  of, 

134 
hernia,    radical    cure    of, 

technique  of,  135 

kidney,  technique  of,  134 

paravertebral,  135 

ilio   hypogastric  nerves,  point 

for   injecting  of  cut   show- 

ilio  inguinal,  nerve,  point  for 
injecting  of,  133 
neck,  119 

cervical  plexus,  point  for  in- 
troduction    of     needle     for 
blocking   of,    cuts    showing, 
121,  133 
solutions  suggested  for  use  in,  150 
technique  in,   147 
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Anaesthesia:  regional,  {cont,) 
upper  extremity,  122 

brachia  plecus,   site   of   injec- 
tion of,  cut  showing,  122 
nerves  of,  cuts  showing,  124 
toxic  action  of  local  anaesthe- 
tics, 144 
Toy  Tesla  Dynamo,  use  of  in  locat- 
ing nerve,  107 
Anaesthesia,  sacral,  136,  167 

anatomical  considerations,  167 
dosage  in,  168 
efficiency  of,   169 

plexus,  blocking  by  intrasacral  in- 
jection, technique  of,   136 
sacrum,  topography  of,  cuts  show- 
ing* 137 
technique  of  administration,  168 

trocar,  small,   for  injection  sacral 
canal,  cuts  showing,  136 
Anaesthesia,  spinal,  139 

advantages  in  use  of,  145 
analgesia,  determination  of,  159 
a  means  of  combating  shock  in  am- 
putation,  184 
apparatus  required  for,  151 

for  determinating  the  specific 
gravity      of      cerebro-spinal 
fluid  (Babcock),  141 
contra-indications  to   use  of,    144, 

147 
danger  signals  in,  161 

direction  for  inserting  the  needle  in 
the   various   regions   of   the 
spine,  cut  showing,  156 
dosage,  151 

drugs  used  to  produce,  139 
failure  to  obtain,  reasons,  160 
formulae  of  solutions  used  in,  150 
general  directions  for  the  care  of 

patients,  165 
high  spinal,  147 

injection  for, .amount  of,  150,   151 
early  difficulties  attending,  157 
sequence  of  events  after,  164 
site  of,  151,  158 

technique  of,  153 
cuts  showing,  157,  158 
instruments  for  use  in,  cut  show- 
ing, 152,  153 
interspaces,    spinous,    location    of 

the,  cut  showing,  154 
intradural,  139,  145 
introduction     of    the    needle,    cut 

showing,   157,  158 
lateral    position    for   puncture    for 


Anaesthesia:  spinal,  (cont.) 

high  analgesia,  148 
localization  of  injection  in,  151 

of  the  spinous  processes,  154 
Luer  syringe  used  for,  151 
lumbar,      general      considerations, 

139 
puncture   for,    151 

mortality  following,   166 
narcotic,  169 

alcohol-apomorphine,  170 
scopolamine-morphine,   171 
dangers  in  use  of,  172 
resuscitation,  172 
needle,  direction  for  inserting  the, 
in    various    regions    of    the 
spine,  cut  showing,  156 
needles  for  use  in,  152,  153 
obstetric  surgery,  efficiency  in,  146 
physiologic  action,  140 
abdomen,  142 
circulation,   142 
genito-urinary,  142 
general  and  local  toxic,  144 
respiration,  143 
skin,  144 
uterus,  143 
position  of  patient  after  injection 
for,  149 
post-operative  treatment,   164 
general  directions  for  care  of 
patients,  165 
puncture  for,  technique  of,  147 
sacral,  136,  167 
efficiency,  169 

technique,  dosage,  168 
selection  of  patients  for,  144 
shifting  of  injected  fluid  in,  157 
site  of  injection,  151 
solutions  used  in,  150 
spinal  analgesia,  139 

nerve  roots  and  the  vertebrae, 
relation  of,  cut  showing,  155 
segments,  cuts  showing,  163 
technique,  147 

high  analgesia,  147 
position      for     puncture,     cut 
showing,  148 
Anaesthetic,  choice  of,  in  breaking  down 
adhesions,  852 
inhaler,  used  for  the  extraction  of 

teeth,  cut  showing,  86 
mixtures,  46 
screen,  cut  showing,  50 
selection  of,  for  general  anaesthe- 
sia, 33 


950 


INDEX 


Analgesia,  with  nitrous  oxide  and  oxy- 
gen most  valuable,  especially 
in  minor  operations,  78,  79 
drugs  used  as  local  anaesthetics,  99 
toxicity  of,  loi 
Anastomosis,  arlcrio-venous,  528 
of  the  facial  nerve,  607 
of  the  facial  nerve  with  the  hypo- 
glossal nerve,  608 
with      the      spinal     accessory 
nerve,  608 
of  tendons,  648 
'Anatomical     snuff-box,'     ligature     of 

radial  artery  in,  479 
'Anatomist's    snuff-box,'    pressure    on 
the,  in  diagnosis  of  fracture 
of  the  carpus,  782 
Anatomy,  surgical,  see  Surgical  anat- 
omy 
Aneurysm,   abdominal,   Abbe's   method 
of  treatment  of,  470 
ligature  of  the  abdominal  aorta  for, 
469 
axillary  artery  for,  488 
brachial  artery  for,  484 
common    carotid    artery     for, 

505 
external    carotid    artery     for, 

513 
femoral  artery  for,  443,  450 

popliteal  artery  for,  436 
radial  artery  for,  474 
subclavian  artery  for,  498 
common  iliac,  ligature   of  the  ab- 
dominal aorta  for,  469 
external  iliac,  ligature  of  the  com- 
mon iliac  artery  for,  461 
operation  for,  obliterative,  384 
reconstructive    or    restorative, 

384 
transverse    section   through,   oblit- 
erated   by    Matas's    method, 
diagram  showing,  390 
varicose,  operations  for,  396 
Aneurysmal  varix,  ligature  of  femoral 
artery  for,  444,  450 
operation  for,  395 
Ankle-joint,   apparatus   for   exercising, 
cut  showing,  893 
and  boot,  817 
disarticulation  at  the,  306 

by  a  large  internal  flap,  311 
racket  method,  313 
Symc's,  amputation,  306 
dislocations  of  the,  817 
anterior,  818 


Ankle-joint:  dislocations,   (co«/.) 

backward,  817 

uncomplicated,  817 
fractures  about,  819 

after-treatment,  819,  820 

astragalus,  821 

Pott's,  819 

complications,  820 
injuries  of  the,  817 

after-treatment  of,  y2y,  819 

foot  at  right  angles  to  leg  in, 

817 

muscles  and  ligaments,  relative  im- 
portance of,  835 

sprains  of  ligaments  about  the,  817 
Ankle,  'sprained,'  treatment  of,  yzj,  '^2>Ti 
Ankylosis,  fibrous  or  osseous,  cause  of, 

745 
treatment  of,  745 

of  the  elbow.  779 

in  hip  disease,  sub-trochanteric  os- 
teotomy   of    the    femur    in, 
679 
in  the  lower  limb,  746 
in  the  upper  limb,  746 
of  the  shoulder,  movements  possi- 
ble in,  768 
treatment  of,  768 
osteotomy  in,  673 

best  position  for,  746 
Anterior  crural  nerve,  exposure  of  the, 
620 
tibial,  ligature  of  the,  425 
in  the  lower  third.  431 
in  the  middle  third,  429 
in  the  upper  third,  427 
surgical  anatomy,  425 
Anthrax,  development  of.  after  opera- 
tions, 26 
Antisepsis,  4 
Antiseptic,  definition  of,  4 

effects   of   a    distance,    production 
of,  911 
Antiseptics,  alcohol,  906 
acriflavine,  903 
application     to     infected     wounds. 

908 
Beck's  paste,  902 
'Bipp,'  902 

bismuth-iodoform  paste,  909 
boracic  acid,  906 
brilliant  green.  904,  910 
carbolic  acid,  900 
chemical,  use  of,  899 
chloramines,  903 
chlorine,  913 
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Antiseptics:   (cont.) 

chromic  acid,  905 

collargol,  905 

cresols,  901 

crystal  penta-violet,  905 

Dakin's  solution,  914 

definition  of  term,  899 

dichloramine-T,  910 

efficiency  of,   methods  of  estimat- 
ing the,  899,  906 

eusol,  903 

flavine,  903,  910 

heat,  900 

hexa-methyl  violet,  905 

hexamine,  906,  912 

Hey's  brilliant  |^reen  paste,  904 

hydrogen  peroxide,  905 

hypochlorous  acid,  902 

iodine,  901 

iodoform,  902 

malachite  green,  905 

mercury  salts,  901 

moist  steam,  900 

oxygen,  905 

permanganate  of  potash,  905 

peroxide  of  hydrogen,  905 

phenol   (liquid),  900 

picric  acid,  902 

potassium  chromate,  905 

powerfully      staining,      advantage 
of,  911 

proflavine,  903 

protargol,  905 

quinine,  911 

salvarsan,  911 

silver  nitrate,  905 

sodium  hypochlorite,  909 

ultra-violet  radiations,  911 

use  of,  prophylactic,  899 
special,  908 

used  in  surgery,  899 

uses  of,  special,  908 

zinc  sulphate,  906 
Antiseptics,    in    the    treatment    of    in- 
fected wounds,  908 
suppurating  wounds,  913 
Aorta,  abdominal,  ligature  of,  469 
Apomorphine    hydrobromide,    in    nar- 
cotic anaesthesia,   171 
Apothesine,   local   anzesthetic,   prepara- 
tion of  the  solution,  103 
Apparatus  for  administration  of  nitrous 
oxide-oxygen,  80 
for  application  of  antiseptic  by 
Carrel-Dakin  method,  930 

for  blood  stransfusion  with  the  aid 


Apparatus:  (cont,) 

of  sodium  citrate,  408 
screw   extension,   used   in   chronic 
sprains,  854,  855 
Arbuthnot  Lane    (Sir),  see  Lane,  Sir 

Arbuthnot) 
Arches  of  the  foot,  823 
Arm,  abduction  of,  870 

in     injury    of    shoulder-joint, 

757 
in  shrapnel  wounds  of  axillary 

muscles      associated      with 
fracture,  750 
amputation  of  the,  240 

circular  cuff  method,  243 
through  the,  by  equal  antero- 
posterior flaps,  246 
brawny,  classification  of  cases,  548 
technique       of       lymphangio- 
plasty  for,  547 
upper,  see  Upper  arm 
Arteries,  abdominal  aorta,  ligature  of, 
469 
anterior  tibial,  ligature  of,  425 
in  the  lower  third,  431 
in  the  middle  third,  429 
in  upper  third,  427 
axillary,  ligature  of,  488 
first  part,  490 
third  part,  494 
brachial,  ligature  of,  484 

at  the  bend  of  the  elbow,  488 
in  the  middle  of  the  arm,  485 
carotid,  common,  ligature  of,  505 
above  the  omo-hyoid,  507 
below  the  omo-hyoid,  509 
in  the  neck,  relations  of,  506 
left,  in  the  thorax,  relations  of, 

506 
external,  ligature  of,  513 
internal,  ligature  of,  516 
dorsalis  pedis,  ligature  of,  423 
embolus,  removal  of,  377 
facial,  ligature  of,  523 
femoral,  ligature  of,  443 

at  apex  of  Scarpa's  triangle, 

448 
below  Poupart's  ligament  (the 

common  femoral),  450 

in  Hunter's  canal,  446 

iliac,  common  ligature  of,  461 

external,  ligature  of,  454 

Astley  Cooper's,  456 

extra-peritoneal,  455 

trans-peritoneal,  459 
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Arteries:  iliac,  (cont.) 

internal     (hypogastric),    liga- 
ture of,  460 
inferior  gluteal,  ligature  of,  466 
innominate,  ligature  of,  495 

through  a  median  vertical  in- 
cision, 498 
A-shaped  incision,  496 
ligature  of,  414 

after-treatment  of,  422 
difficulties  and  dangers  of,  421 
general  considerations,  414 
lingual,  ligature  of,  520 
at  its  origin,  520 
beneath  the  hyo-glossus  mus- 
cle, 520 
occipital,  ligature  of,  524 
of  the  foot,  ligature  of  the,  423 
hand  and  forearm,  ligature  of 

the,  474 
knee    and   thigh,    ligature    of, 

436 

leg,  ligature  of  the,  423 
neck,  ligature  of  the,  495 
pelvis,  ligature  of,  454 

upper  arm  and  axilla,  ligature  of 
the,  484 

upper  extremity,  ligature  of,  474 
operations  upon,  377 

popliteal,  ligature  of  the,  436 
from  back  of  leg,  440 
from    inner    aspect    of    thigh, 

437 
in     lower     part     of     popliteal 

space,  441 
in    upper    part     of     popliteal 

space,  440 
posterior  tibial,  ligature  of,  432 
behind  the  innpr  ankle,  435 
in  the  lower  third  of  the  leg, 

434 
in  the  middle  third  of  the  leg, 

433 
pudic,  internal,  ligature  of,  467 

radial,  ligature  of.  474 

in    the    'anatomical    snuffbox,' 

479 
in  lower  third  of  forearm,  478 

in    middle    third    of    forearm, 

478 
in  upper  third  of  forearm,  476 

sciatic    (inferior   gluteal)    ligature 

of,  466 

subclavian,  ligature  of,  498 

first  part,  500 

second  part,  500 


Arteries:  subclavian,  {cont.) 
third  part,  500 
surgical  anatomy,  498 
right,  ligature  of  first  part,  500 
through      A-shaped     incision, 
502 
oblique  incision,  501 
superior  gluteal,  ligature  of,  464 
suture  of,  378-381,  382 
temporal,  ligature  of,  524 
ulnar,  ligature  of,  480 

in  lower  third  of  forearm,  481 
middle  of  forearm,  481 
upper  third,  483 
vertebral,  ligature  of,  518 
Arteriorrhaphy,  377 

end-to-end  suture,  381 
indications,  377 

longitudinal  incision,  suture  of,  379 
operation,  379 
Arterio-venous  anastomosis,  528 
Artery  compression  clamps,  Crile's,  379 
exposure  of  the,  for  ligature,  415 
forceps,   Schoemaker's,   cut   show- 
ing, 596 
length  of  incision  for  ligature  of, 

415 
ligature  of,  417 

suture,    Dorrance's,    cut    showing. 

380,  381 
Arthritic     changes,     following     small 

joint  injuries,  843 
Arthritis,  subacute,  gradual  correction 

in,  854 
Articular  cartilages,  fracture  of,  856 

contusion  of,  739 
Articulation  of  the  vertebrae,  methods 

of,  791 
Artificial    limbs,    difficulties    in    fitting, 

828 
Artificial  respiration,  Sylvester  method, 

67 

Ascites,  lymphangioplasty  for,  549 
the  surgery  of,  549 
Talma-Morison  operation  for,  549 

Asepsis,  4 

Aseptic,  definition  of,  4 

surgery,  general  considerations,  3 
principles  and  technique  of,  3 
simplification  of  methods,  3 
terminology  of,  3 
wound,  definition  of,  4 

Astley  Cooper's  operation  for  extra- 
peritoneal ligature  of  the  ex- 
ternal iliac  artery,  456 
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Astragalus,  dislocations  of  the,  821 

fracture  of  the,  821 

fracture  of  the  neck  of  the,  822 
Atlas,  dislocation  of  the,  793 

diagnosis,  793 

treatment,  793 
Atrophy,   a   sequela   of   acute   sprains, 

831 

muscular,  after   fracture,   methods 
of   avoidance   of   excessive, 
862 
due  to  tight  bandaging,  861 
Atropine,  as  sedative  before  anaesthesia, 

46 
Auriculo-temporal  nerve,  resection  of, 

588 
*Autan'  powder  in  sterilization  of  in- 
struments, 14 
Automatic  irrigating  device,  cut  show- 
ing, 928 
Autoplastic  nerve  grafting,  578 
nerve-transplantation,  577 
transplantation     with     nerve,     in 
nerve-bridging,  575 
with    non-nervous    tissues,    in 
nerve-bridging,  579 
tendon-grafting,  Dawbarn's,  656 
cut  showing,  660 
Avulsion  of  limb,  amputation  for,  178 
sensory  root  of  the  Gasserian  gang- 
lion  (Spiller-Frazier),  605 
Axhausen's    theory    concerning    bone- 
transplantation,  693 
Axillary  artery,  ligature  of  the,  488 
first  part,  490 
third  part,  494 
surgical  anatomy,  489 


Bacilluria,   a    contra-indication    to 
operation,  9 

Back,      cicatricial      adhesions      among 
muscles  of  the,  795 
injuries  of  the,  791 
stiff,  following  injuries,  795 
Bacteria,  destructibility  of,  6 
Bacteriology  of  wound  infections,  5 
Ballance  and  Edmunds's  'stay-knot'  for 

ligature  of  arteries,  419 
Bandage,  pressure,  in  the  treatment  of 

acute  sprains,  845 
Bandaging,    after   operative    treatment 
of  knee-joint  injury,  861 
in  the  treatment  of  joint  injuries, 

857 

in  treatment  of  sprains,  845 


Bandaging:  (cont.) 
the  stump,  208,  210 
tight,  cause  of  ischaemic  paralysis 
of  the  hand,  751 
Barker's  fluid  for  spinal  injection,  148 
Barton's  fracture,  784 
Baths  'eau  courante,'  in  the  treatment 
of   stifT   and  painful  joints, 
876 
in  the  treatment  of  the  stump,  211 
whirlpool,  876 

use  of,  in  nerve  injuries,  876 
Battery,   electric,   nature   and   employ- 
ment of,  833 
cuts  showing,  832,  834 
Beck's  paste,  antiseptic  action  of,  902 
Bennett's  stave  of  the  thumb  (Bennett's 

fracture),  787 
Berger's     interscapulo-thoracic     ampu- 
tation, 183,  270 
B-eucaine,  description  of,  99 
use  of,  as  analgesic,  99 
suitable  strength  of,  for  injection, 
100 
Bevelling  off  the  edges  of  a  bone  cavity, 
688 
the  linea  aspera,  358 
edge  of  the  tibia,  326 
Biceps  brachii,  strain  of  the,  diagnosis 
of,  771 
musculo-cutaneous     nerve     lesions 
with  paralysis  of,  868 
tendon  of  the,  division  of  the, 

.638 
Bigelow's  method  of  reduction  in  pos- 
terior    dislocation     of     the 
hip,  799 
'Bipp,'  antiseptic  action  of,  902 
Bismuth-iodoform  paste,  antiseptic  ac- 
tion of,  909 
Bistoury,  finger,  214 
Blake's  aneurysm  of  subclavian  artery 

(case),  500 
Blood,  citrated,  transfusion  of,  407 

classified   in   groups  by   agglutina- 
tion tests,  398 
possible    source    of    wound    infec- 
tion, 9 
reaction     of     various    groups    of, 

Moss  chart  showing,  398 
^standard,'  398 
technique  of  grouping,  402 
untreated,   indirect  transfusion  of, 

397 

Vincent  s    method    of   determining 

the  Moss  grouping  of,  401 
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Blood  transfusion,  397 
agglutination  test,  397 
citrate  method,  outfit  for,  408 

technique  of,  408 
Crile  and  Carrel's  method  of,  407 
dangers  of.  avoidance  of,  406 
direct  method  of  historical   inter- 
est, 407 
donor,  397,  411 
factors  of  safety,  406 
haemolytic  and  agglutination  tests, 

397 
indirect  method  of,  advantage  of. 

407 
method  of  (Percy),  403 

advantages  of,  406 
reactions  following,  406 
sodium  citrate  as  an  aid  to,  407 
technique  of,  404 
testing  donors  for,  411 
tests  for,  397 
therapeutic  uses  of,  411 
tube  for,  description  of,  403 
preparation  of,  404 
Bone,  bevelling  off  the,  in  amputation, 
206 
cavities  in,  aseptic,  obliteration  of, 
691 
septic,  obliteration  of,  687 
bevelling  off  the  edges  of,  688 

obliteration    by   skin   flaps   or 
grafts,  689 
plastic  operations,  upon,  688 
Bone,  cavities  in,  'stopping    with  for- 
eign substances,  690 
chips,   transplantation   of,  697 
clamps    for    fixation    of    fractures, 

712 
dead,  transplantation  of,  698 
decalcified,  for  'stopping'  bone  cavi- 
ties, 690 
division  of,  in  amputations,  204 
forceps,  cut  showing,  705 
fracture   of,   alx)ut   a   joint,   treat- 
ment of,  744 
mal-union   of,    operations    for, 

of    long    standing,    operations 

upon,  719 
recent,  operations  upon,  699 
compound,  operations  up- 
on, 717 
simple,    operations    upon, 

700 
Steinmann  nail-extension, 
716 


Bone:   fracture,   recent,    (ron/.) 

ununited,  operations  upon.  719 
grafts,     attached,     transplantation 
of,  697 
non -attached,     transplantation 
of,  695 

in  fractures,  712,  713 
sliding — Albee     operation     in 
fractures,  713 
inlay    graft,    diagram    illustrating 
application      of,      to      fresh 
fractures,  714 
malignant   disease   of,   amputation 

for,  178 
peg  for  the  fixation  of   fractures, 

cut   showing.  708 
pegs  for  fixation  of  fractures.  715 
plate.    Lane's,    for    fractures,    cut 

showing,  709 
plates  in  the  fixation  of  fracture, 

ring  holding  sliding  intramedul- 
lary splint  in  place  in  frac- 
tures, cut  showing,  715 
section  for  removal  of  the  Gas- 
serian  ganglion.  Doyen's, 
cut  showing,  604 
septic    cavities    in,    operations   for 

the  obliteration  of,  687 
splint,   diagram   of   method  of  in- 
sertion   of    intra-medullar)'. 
fractures,  713 
staple-plate      for      fractures,     cut 
showing,  712 
Bones,    non-tuberculous    affections    of 

the,  operations  for,  673 
Bone-transplantation.  693 
attached  grafts  in,  697 
chips  in,  697 
dead  grafts  in,  698 
history  of,  693 
indications   for,  694 
in  fractures,  712 

types  of  operation,  712 

fixation  by  bone  pegs,  715 
intramedullary^  splints,  712 
sliding    graft — Albee    op- 
eration, 713 
sliding  intramedullar}- 

splint — Hoglund   opera- 
tion, 714 
joints  in,  698 

non-attached  grafts  in  695 
periosteal  flaps  in,  698 
the  shaft  with  articular  end  in,  698 
types  of,  695 
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Boot  in  hallux  rigidus,  and  hallux  val- 
gus,   with    bar   across    sole, 
behind   tread,   cut   showing, 
827 
raised  on  inside  in  the  treatment 
of   fractures   about   the   an- 
kle, 819 
and  iron  applied,  cut  showing,  810 
in  after-treatment  of  displace- 
ment    of     semilunar     carti- 
lages, cut  showing,  809 
Boots,  proper,  description  of,  825 
Boracic  acid,  antiseptic  action  of,  906 
Bowel,  source  of  wound  infection,  9 
Brace  stop-cage  in  treatment  of  frac- 
tured patella  816 
Brachial  artery,  ligature  of,  484 

at  the  bend  of  the  elbow,  488 
in  the  middle  of  the  arm,  485 
surgical  anatomy,  484 
Brachial      plexus      injury,      abduction 
splintage  in,  870 
cuts  showing,  869,  871 
Brachial  plexus  in  the  neck    (cervical 
rib),  exposure  of  the,  611 
paralysis  and  contracture  of  hand 
following,    case    illustrating 
treatment    by    gradual    cor- 
rection, 877 
cuts  illustrating,  878,  879 
Brachialis    anticus,     strain    of,     treat- 
ment of,  771 
Brade's    transplantation    of    periosteal 

flaps,  698 
Brawny  arm,  see  Arm,  brawny 
Brewer   and    Kiittner's   transplantation 

of  dead  bone,  698 
Brilliant    green,    antiseptic    action    of, 

904,  910 
Bristow,  W.  Rowley,  on  Treatment  of 
Joint   and   Muscle   Injuries, 

831 

Bristow's  method  in  regeneration  of 
wasted  muscle,  833,  836 

Bryant's  test  for  injuries  about  the 
hip- joint,  798 

Bubo,  553 

Bullet-wounds,  effects  of,  on  elbow- 
joint,  780 

Bunge's  aperiosteal  method  in  ampu- 
tations,  189 

Burghard,  Fredc.  F.,  on  Amputations, 

on      Operations      upon      Arteries, 
Veins,  and  Lymphatics,  377 


Burghard,  F.  F. :  operations,  (cont.) 

Muscles,      Tendons,      Tendon 

Sheaths,  and  Bursae,  623 
for     Non-Tuberculous     Affec- 
tions of  the  Bones,  674 
Burghard's  method  for  the  obliteration 
of     aseptic     bone     cavities, 
692 
of  preparation  for  operation  upon 
recent   compound    fractures, 

modified     Trendelenburg    position, 
shock  diminished  by,  183 
Burns  of  wrist,  palms,  and  fingers,  hy- 
pcrextension  of  parts  in,  750 
Bursae,  operations  upon,  668 
Bursitis,  subacromial,  668 

under  tendo  Achillis,  817 
Butcher's  saw  for  amputations,  205 


Calf  of  le^,  sprain  of,  cause,  846 

Caliper     Knee     Splint     applied — front 
view,  cut  showing,  860 
side  view,  showing  attachment  of 
the  iron  to  the  heel  of  the 
boot,  cut  showing,  861 
Thomas,  cut  showing,  806 
walking,   in  wasting  of  the  quad- 
riceps, 857 
Callus  near  a  joint,  treatment  of,  745 
Cancer,  lymph  vessels  in,  545 
permeation  in,  545 
of  the  tongue  or  jaw,  inoperable, 
section  of  the  inferior  den- 
tal nerve  for,  587 
Canula  for  blood  transfusion,  408 

spinal  analgesia,  136 
Capsulectomy,  563 

cut  illustrating,  566 
Carbolic  acid,  antiseptic  action  of,  900 
in    operations    upon    recent    frac- 
tures,   717 
Carbolic  acid  in  septic  cavities  in  bone, 

687 
Carden's    operation.    Lister's    modifica- 
tion of,  350 
Carotid  artery,  ligature  of,  505 
surgical  anatomy,  505 
common,    ligature    of,    above    the 
omo-hyoid,  507 
below  the  omo-hyoid,  509 
external,  ligature  of,  513 

surgical  anatomy  of,  514 
internal,  ligature  of,  516 
surgical  anatomy,  516 
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Carpus,  dislocations  of  the,  783 
fracture  of  the,  treatment,  782 
injuries  of  the,  781 
Carrel's   investigations   concerning  the 
life  of  bacteria,  914 
method   of   treatment   of    infected 
wounds,  913 
Cartilages,  semilunar,  injuries  of,  808 
internal,    operation    for    exposing, 
811 
Catgut  in  suturing  fractures,  705 

preparation  of,  for  suture  material, 

16 
sterilization  of,  16 
Causalgia,  579 

surgical  treatment  of,  581 
Cavity  in  the  shaft  of  the  tibia,  oblit- 
eration  of   a,   cut   showing, 
689 
Cervical  glandular  enlargements,  diag- 
nosis of,  558 
nerve,   fifth,    Ballance*s   suture   of 

the,  612 
third,  exposure  of  the,  61 1 
nerves,  first  three,  resection  of  the 
posterior    primary   divisions 
of  the,  609 
nerves,  injuries  of,  postural  treat- 
ment, 870 
Cervical   nerves,   surgical   anatomy   of 
the    posterior    divisions    of 
the  first  three,  610 
plexus,     posterior,     cut     showing, 

610 
vertebrae,  fractures  of  the,  792 
Championniere's    method    of    treating 

fractures,  865 
Chemical  germicides,  effects  of,  10 
Chemicals,  in  Dakin's  solution,  937 

place  of,  in  surgery,  16 
Chips,  bone,  transplantation  of,  697 
Chisel,   guarded,    for   skull    operations, 

cut  showing,  601 
Chloramines,  antiseptic  action  of,  903 
Chlorine    antiseptics,    infected    wound 

treatment  by,  913 
Chloroform    anaesthesia,    contra-indica- 
tions,  40 
administration  of,  42 
characteristics  of,  41 
death  under,  percentage  of,  39 
preventive  measures,  42 
Cholemia,  blood  transfusion  in,  412 
Chopart's  amputation,  292 
Chromic  acid,  antiseptic  action  of,  905 
Chronic  sprains,  treatment  of,  851 


Cicatrix  after  Farabeufs  amputation  of 
great  toe,  279 
sub-astragaloid  disarticulation, 
302 
interscapulo-thoracic      amputation, 

274 
Lisfrancs'  operation,  290 
position  and  character  of,  in  am- 
putations, 189 
Cicatricial  tissue,  massage  for  promot- 
ing circulation  in,  736 
Circular  amputation  at  elbow-joint,  249 
of  the  forearm,  243 
upper  arm,  259 
wrist,  233 

at  the  'seat  of  election,'  334 
through  the  thigh,  356 
racket  incision  of  fingers,  220 
Clamp  for  maintaining  coaptation  of  a 

fracture,  cut  showing,  706 
Clamps,  bone,  for  fixation  of  fractures, 
712 
Crile's  artery  compression,  379 
'Climbing  the  wall,'  description  of  ex- 
ercise, 888 
Closed  or   rebreathing  method  of  an- 
aesthesia, 52 
apparatus  used  in,  52 

Karl  Connell  apparatus,  53 
technique  in,  52 
Club   foot,   apparatus   for   use   in,  cut 

showing,  873 
Cocaine,  as  analgesic,  97 
properties  of,  98 
toxicity  of,  98 
Codivilla's     transplantation     of    perio- 
steal flaps,  698 
Coley's  fluid  in  the  treatment  of  lym- 
phosarcoma, 558 
Collar  and  cuff  method  in   the   treat- 
ment  of  gradual   correction 
of   limitation    of    flexion  at 
the  elbow,  853 
Collargol,  antiseptic  action  of,  905 
Collars  and  plates,  metal,   for  fixation 
of  fractures,  711 
for   the   fixation   of   fractures,  cut 
showing,  709 
Colles's  fracture,  784 

after-treatment  of,  786 
application  of  pads  and  splints,  cut 

showing,  786 
graduated  contraction  in  the  treat- 
ment   of,    case    illustrating, 
863 
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Colles:  fracture,  {cont.) 

manual   reduction  of,  Jones's,  cut 

showing,  785 
put  up,  cut  showing,  787 
splints,  cut  showing,  783 
Thomas's     wrench      applied,      cut 
showing,  789 
Common    carotid    artery,    see    Carotid 
artery,  common 
iliac  artery,  see  Iliac  artery,  com- 
mon 
peroneal    nerve,   exposure    of   the, 
620 
Compression,    digital,    in    amputations, 

191 
Concentration    of   sodium   hypochlorite 

in  Dakin's  solution,  937 
Conduction  tubes,  application  of,  in  in- 
fected wounds,  917,  919,  921, 
923,  924,  926 
Condyles    of    the    humerus,    fractures 
about  the,  yy2 
tibia,  fracture  of  the,  814 
Constriction,   circular,   in  amputations, 

192 
Contact  infection,  9 

disinfection  of  hands,  13 
patient's  skin,  11 
Contraction,  graduated,  see  Graduated 
contraction 
of   the    knee,    division    of   one    or 
more  of  the  hamstring  ten- 
dons  in,   638 
Contractions,    always    to    be    obtained 
when  nerve  supply  is  intact, 

831 

even  when  patient  cannot  perform 
voluntary  movements,  831 

physiological,  gradual  contractions 
simulating,   831 
Contracture,  Volkniann's,  626 

of  fingers  following  nerve  injuries, 
correction  of,  877 

and  paralysis  of  hand  following 
brachial  plexus  injury,  cuts 
showing   treatment   of,   878, 

wrist  following  nerve  injuries,  cor- 
rection of,  877 
Contractures  resulting  from  nerve  in- 
juries,    gradual     correction 
of,  868 
peripheral   nerve   injuries,  gradual 
correction  of,  868 
Contrast  baths  in  the  treatment  of  flat- 
foot,  825 


contrast  baths:  (cont.) 

in  the  treatment  of  pain  in  cica- 
trices, 740 
Control    of    haemorrhages    by    circular 
constriction  of  the  limb,  192 
by  digital  compression,  191 
during  disarticulation   at   the   hip- 
joint,  363 
by  preliminary  permanent  ligature 
of  main  vessels,  192 
pressure      forceps      of     Lynn 

Thomas,  194 
special  apparatus,   193 
temporary  ligature,  191 
Wyeth's  pins,  195 
Cooper's  (Astley)  operation  for  extra- 
peritoneal   ligature    of    the 
external  iliac  artery,  456 
CO  poisoning,  blood  transfusion  in,  413 
Coming's  method  of  induction  of  sur- 
gical anaesthesia,  139 
Coronoid  process  of  the  ulna,  fracture 

of  the,  775 
Correction,   gradual,   in   the   treatment 

of  chronic  sprains,  851 
Costumes,  operating,  13 
Cotton's    collar    for    fixation    of    frac- 
tures, 711 
Coxa  vara,  deformity  of,  803 
osteotomy  in,  673 
sub-trochanteric   osteotomy  of   the 

femur  in,  679 
traumatic,  diagnosis  of,  802 
Cranial  nerves  and  the  Gasserian  gan- 
glion, operations  upon,  584 
'Creeping  substitution,'  process  of,  694 
Crepitus,    sign   of   fracture  of   spinous 

process,  792 
Cresols,  antiseptic  action  of,  901 
Crile's     artery     compression      clamps, 

379 

method    of    checking    haemorrhage 

in  removal  of  the  Gasserian 
ganglion,  596 

Crouch's  transplantation  of  dead  bone, 
698 

Crucial  ligaments,  rupture  of,  treat- 
ment of,  812 

Crural  nerve,  anterior,  exposure  of  the, 
620 

Crureus,  point  of  stimulation  for,  837 

Crystal    penta-violet,    antiseptic    action 

of,  905 
Cuff    method    of    amputation    of    fore- 
arm, 243 
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Culture  media,  diagnosis  by,  25 

use  of,  in  wound  infection,  8-10 

Cuneiform  osteotomy,  674 

Cushing*s  method  for  the  removal  oi 
the  Gasserian  ganglion,  590 

Cushing  method  (modified),  for  the  re- 
moval of  the  Gasserian  gan- 
glion, 591 

Dakin  -  Carrel  -  Dehelly  -  Depag^e 
method,  in  treatment  of 
infected  wounds,  909 

I)akin*s    solution,    caustic    alkali    com- 
pletely absent  in,  914 
chemicals  required  for,  937 
concentration  of,  937 
(Daufresne's    modification),    prep- 
aration of,  936 
antiseptic  action  of,  914 
preparation  of,  935 
quantities  of  ingredients  for  forty 

litres  of,  937 
test  for  alkalinity  of,  936 
titration  of,  938 

technique    for   the    preparation    of 
sodium     hypochlorite     solu- 
tion, 937 
Dawbarn*s  autoplastic  grafting  method 
of  tendon-lengthening,  656 
tendon-grafting,  cut  showing,  660 
'Dead  spaces,'  drainage  of,  ly 
Deformities,  amputation  for,  181 

developing  after  amputation,  828 
Deformity, 

CoUes's  fracture,  784 
treatment  of,  784 
flexion,     of     elbow-joint,     gradual 

correction  of,  854 
of  fingers,  878 
flat-foot,  824 

fractures,  *dinner-fork,'  784 
Pott's,  819 
reduction    of,    a    factor    in    ideal 

treatment,  866 
hallux  valgus,  827 
hammer-toes,  828 
wrist  and  fingers,  correction  of,  by 
splints,   878-880 
DeGouvea   and   Walther's   transplanta- 
tion of  the  fibula,  698 
Deltoid,  graduated  contraction  of,  cuts 

showing,   834 
Dental  extractions  under  nitrous  oxide- 
oxygen,  88 
nerve,  inferior,  see  Inferior  dental 
nerve 


De   Vilbiss's  skull   forceps,  cut  show- 
ing, 601 
Diagram  showing  how  in  abduction  the 
line  of  action  of  the  psoas 
and    abductors    is    normally 
in    the   line   of   the    femur, 
801 
Diathermy  in  after-treatment  of  nerve 
injuries,   876 
in  the  treatment  of  pain  in  cica- 
trices,  740 
use  of,  882 
Dichloramine-T,    antiseptic    action   of, 
910 
characteristics  of,  939 
Digital  compression  in  amputation,  191 
*Dinner-fork'     deformity     of,     Colles's 

fracture,  784 
Disarticulation,   177 
Disarticulation  at  the  ankle,  306 
by  a  large  internal  flap,  311 

the      racket     method      (large 
postero-internal   flap),   313 
by  Roux's  method,  313 
Syme's  method,  306 
at  the  elbow- joint,  248 

by  the  circular  method,  249 
by  an  elliptical  incision,  252 
by  a  large  external  flap,  255 
at  the  hip- joint,  362 

anterior     racket     method     (lat- 
eral flaps),  370 
Furneaux  Jordan's,  366 
by  transfixion,  374 

choice  of  operation,  363 
hemorrhage    during,    methods 
of  controlling,  363 
at  the  interphalangeal  joint  of  the 
finger,  214 
of  the  great  toe,  275 
at  the  knee-joint,  342 

by   an   oblique   elliptical   inci- 
sion, 346 
Stephen  Smith's,  342 
at  the  medio-tarsal  joint,  Chopart's, 

Tripier's,  295 
at  the  metacarpo-phalangeal  artic- 
ulations, 218 
joint  of  the  thumb,  225 
at  the  metatarso-phalangeal  joint, 
276 
by  a  large  internal  flap  (Fara- 

beuf's  method),  277 
large  square  internal  flap,  279 
racket  incision,  280 


INDEX 


959 


Disarticulation:    {cont,) 

metatarso-phalangeal  joints  of  the 

outer  toes,  281 
at  the  shoulder-joint,  263 

modified  racket  method,  268 
Spence's  amputation,  265 
sub-astragaloid,  295 
Farabeuf's,  296 
Nelaton's,  304 
by  a  racket  incision,  305 
Roux's,  305 
through        the        tarso-metatarsal 
joints,  282 
Lisfranc's,  283 
at    the    terminal    finger-joint, 

214 
of  the  four  outer  toes  at  the 
metatarso-phalangeal  joints, 
281 
at  the  wrist-joint,  233 

by  circular  incision,  233 
by  an  elliptical  incision,  234 
by  an  external  flap,  238 
Disinfectant,  definition  of,  5 
Disinfection  of  dressings,  instruments, 
and  swabs,  14 
of  ligature  and  suture  materials,  15 
the  skin,  11,  13 
Dislocation    associated    with    extensive 
rupture  of  ligaments,  treat- 
ment of,  731 
combined    with    fractures,    opera- 
tions upon,  702 
of    the     acromio-clavicular    joint, 

754 
ankle-joint,  817 

astragalus,  821 

carpus,  783 

elbow,  776 

foot,       division       of       tendo- 

Achillis  in,  632 

hip,  798 

anterior,  800 

diagnosis,  800 

treatment,   800 

posterior,  799 

diagnosis,   799 

treatment,  799 

knee,  811 

first  metacarpal,  788 

radius,  head  of  the,  779 

shoulder-joint,  757 

sterno-clavicular  joint,  753 

thumb,  788 

vertebrae,  792 

wrist  and  carpus,  783 


Displacement,     prevention     of     recur- 
rence of  by  splintage,  a  fac- 
tor in  the  ideal  treatment  of 
fractures,  866 
Distributing  tubes,  arrangement  of,  in 
wounds,  920 
four-branch,  description  of,  919 
glass,  description  of,  915 
two-branch,  description  of,  917 
Distributing     and     instillation     tubes, 

method  of  using,  920-927 
Dorrance's    artery    suture,    378,    379, 

380,  381 
Dorsal  vertebrae,  fracture  of  the  794 
Dorsalis  pedis  artery,  ligature  of  the, 

423 
surgical  anatomy,  423 

Dorsiflexion  in  the  treatment  of  foot- 
drop,  873 
wristdrop,  872 

injuries  of  the  musculo-spiral 
and     posterior     interosseus 
nerves,  872 
Doyen's  bone   section   for   removal   of 
Gasserian       ganglion,       cut 
showing,  604 
operation   for  the  removal  of  the 
Gasserian      ganglion,      591, 
603 
Drain,  Mikulicz's  cigarette,  use  of,  18 
Drainage,  after  amputations,  208 
femoral,  technique  of,  550 

(Wynter's  operation),  550 
of  severe  post-operative  infections, 

25 
of  wounds,  17 

septic,  749 

tube,  use  of,  18 

Dressings,  swabs,  towxls,  and  over- 
alls, sterilization  of,  14 

Dry  heat  in  the  treatment  of  joint  and 
muscle  injuries,  882 

Dry  method  of  skin  disinfection,  12 

Dudgeon's  experiments  concerning  po- 
tential infectivity  of  the 
air,  8 

Dudgeon  and  Sargent's  observations 
concerning  micro-organisms 
in  'eseptic*  wounds,  4 

Dufougere's  investigations  concerning 
the  etiology  of  elephantiasis 
Arabum,  540 

Duplicated  exercises,  description  of, 
887 

Duval's  (Marcellin)  amputation,  325 
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'Eau  courante'  baths,  use  of  in  af- 
ter treatment  of  nerve  in- 
jurieSy  876 
treatment     of     stiff     and     painful 
joints,  883 
Edmunds  and  Ballance's  'stay-knot'  for 

ligature  of  arteries,  419 
Effleurage,  description  of,  883 
Elbow,  *clicking/  776 

extension  of,  in  compound  and  sep- 
tic wounds,  780 
in  shrapnel  wounds  of  flexure 
of  elbow,  750 
extension  splint,  cut  showing,  780 

applied,  cut  showing,  781 
fractures      about      the,      ischaeraic 
paralysis  of  the  hand  in,  751 

'golf/  770 

*tennis,'  770 
Elbow-joint,  amputations  of  the,  240 

adhesions,  743,  780,  849 

ankylosis  of  the,  779 
best  position  in,  780 
blocked  by  bone,  744 

disarticulation  at  the,  248 

by  the  circular  method,  249 
by  elliptical  incision,  252 
by  a  single  external  flap,  255 

dislocations  of  the,  776 

myositis   ossificans   traumatica 

associated  with,  yy^i 
backward,  778 
forward  and  lateral,  778 
treatment  of,  jyy 

flexed,  gradual  correction  of  de- 
formity, 854,  855 

flexion     of,     apparatus     for,    869, 

871 

limitation  of  flexion  at,  method  of 

gradual  correction  for,  853 
fractures  about  the,  772 

rule  for  position  for,  ^^2 
fracture  of  the  condyles  involving 

the,  774 
of  the  head  of  the  radius,  776 
injuries  about  the,  769 
injuries  of  the,   supination   in   the 

treatment  of,   779 
injury    or   inflammatory    condition 

of  the,  test  of  recovery  of, 

773 
ligaments  about  the,  769 

limitation  of  flexion  at  the,  grad- 
ual correction  by  collar  and 
cuff  (Owen  Thomas),  853 

muscle  strains  about  the,  770 


Elbow- joint:   (^cont!) 
scars  about,  748 
stretching  of,  750 
sprains  of  the,  848 
causes,  848 
prognosis,  849 
treatment  of,  848 
sprains  of  ligaments  about  the,  ']'ji 
stiff,  breaking  down  of  adhesions 

of,  743 
wounds  of  the,  compound  and  sep- 
tic, treatment  of,  780 
Electric  battery,  cuts  showing,  832 

use  of,  833 
Electrical   stimulation  of  muscles  fol- 
lowing injury  to  nerves,  874 
Electricity,  effects  of,  upon  patient,  831 
in  the  treatment  of  pain  in  cica- 
trices, 740 
Electrodes,  kinds  and  employment  of, 

834,  836,  837 
Elephantiasis,    non-surgical    treatment 

oi  544 
Rogers- Kondoleon    operation    for, 

540 
Elephantiasis  Arabum,  539 
micro-organism  of,  539 
of  the  scrotum,  treatment  of,  540 
treatment  of,  540 

by  methods  aiming  at  control, 

543 
methods  of  prevention,  544 

by    methods    aiming   at   cure, 

543.  545 
vaccme,  545 

Elevator  for  the  fixation  of  fractures, 

721 

Elliptical  incision,  amputation  by,  198 

Embolism,     avoidance  of,     in     blood 

transfusion,  406 

lymphatic,  545 
Embolus,    removal    of,    arteriorrhaphy 

for,  377 
Endo-aneurysmorrhaphy,  382 

analysis  of  deaths,  393 

exposure  of  sac,  386 

indications,  382 

mortality  statistics,  393 

obliteration  of  the  sac,  390 

operation,  384 

obi  iterative  suture,  387 

reconstructive  method,  391 

restorative  suture  in,  389 

results,  391 

(modified),  for  varicose  aneurysm, 

396 
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End-to-end  nerve  suture,  567,  574 
Epinephrin,  used  as  adjuvant  in  local 

anaesthesia,  104 
Epiphysis   of  the   head  of  the   femur, 
separation  at,  802 
of  humerus,  separation  of,  764 
Erector  spinae,  stimulation  of,  841 
Erysipelas,   development  of,   after  op- 
erations, 2^ 
Esmarch's  method  of  circular  constric- 
tion in  amputations,  192 
tourniquet,  192,  193 

in  disarticulation  at  the  hip- 
joint,  363 
in        endo-aneurysmorrhaphy, 

38s 
Ether,  characteristics  of,  42 

oil  colonic  anaesthesia,  58 

pneumonia,  71 

use  of,  in  breaking  down  adhesions, 

852 

vapor,  rectal  anaesthesia,  58 

Ethyl  bromide,  as  general  anesthetic, 

44 
Ethyl  chloride,  administration  of,  44 
charactertics  of,  44 

use  of  restricted  to  short  op- 
erations, 45 
death  due  to  respiratory  failure,  45 
Eucaine,  b,  use  of,  as  analgesic,  99 
Eucaine,  b,  injection  of,  effects  of,  100 

strength  of,  most  suitable,  100 
Eusol,  antiseptic  action  of,  903 

preparation  of,  903 
Everted  foot,  823 

Excision  of  the  sheath  of  a  tendon,  666 
results,  667 
varices,  531 
wounds,  28 
Exercise,    following  joint   and   muscle 
injuries,  indications  and  con- 
tra-indications,   883 
and  massage  as  therapeutic  agents, 

comparison  of,  883 
in  sprain  of  biceps,  849 
pressure,   for  end-bearing  stumps, 
210 
Exercises,  active,  compared  with  grad- 
uated contraction,  883 
adduction,    action    of    muscles    in, 

885 
ankle,  following  injuries  of,  893 
cut    showing   apparatus    used, 

893..  894 
assisted,  given  by  masseuse,  value 
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Exercises:  (c(7n/.) 

of,    in    after    treatment    of 

nerve  injuries,  876,  887 
by  means  of  apparatus,  885 
elbow,  888 
finger,  890 

cut    showing   apparatus   used, 

891,  892 
flat-foot,  in  the  treatment  of,  825 
forearm,  cut  showing,  887 
general,  in  the  after  treatment  of 

nerve  injuries,  876 
observations  on,  881 
hip,  890 
intelligent  interest  on  the  part  of 

the  patient  necessary  for  the 

success  of,  885 
inversion  and  eversion  treads,  cut 

showing,  894 
knee,  891 

psychological  factors  of,  893 
redevelopment  of   wasted  muscles 

by,  883 
resistive,  886 
shoulder,  888 

joint,   cut   showing   apparatus 

used,  886 
special,  in  the  after  treatment  of 

nerve  injuries,  876 
tip-toe,  description  of,  893 
varieties  of,  885 
wrist  and  fingers,  890 

cuts  showing,  891,  892 
Exposure     of      the      anterior     crural 

(femoral)  nerve,  620 
brachial  plexus  in  the  neck   (cer- 
vical rib),  611 
external  popliteal    (common  pero- 
neal) nerve,  620 
great  sciatic  nerve,  618 

cut  showing,  619 
internal    popliteal     (tibial)    nerve, 

620 
median  nerve,  613 
musculo-spiral  nerve,  615 

in    front    of    the    elbow,    cut 

showing,  617 
the  psychological  factor,  893 
supra-orbital  nerve,  584 
ulnar  nerve,  614 
Extension,   fixed,   in   the   treatment   of 

fractures  about  the  neck  of 

the  femur,  802 
in    reduction    of    displacement    of 

semilunar  cartilages,  809 
nail,  Steinmann's,  in  fractures,  716 
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Extension:  (cont.) 

weight  and   pulley,   inefficient   for 

fixing  fractures,  202 
with  gradual  splinting  in  the  treat- 
ment   of   intra-articular   le- 
sions, 853 
on    a    splint,    continuous,    in    the 
treatment  of  scar  tissue,  750 
of  limb,  in  healing  of  wounds  im- 
plicating joints,  750 
Extensor,  common,  or  flexor,  strain  of 
origins,  diagnosis  of,  770 
longus  digitorium,  point  of  stimu- 
lation of,  840 
stimulation     of,     with     dorsi- 
flexion    of    ankle-joint,    cut 
showing,  838 
pollicis,  restoration  of  by  silk, 
with  fat  transplant  about  it 
(Kanavel),  cut  showing,  658 
External    carotid    artery,    see    Carotid 
artery,  external 
iliac,  see  Iliac  artery,  external 
popliteal    nerve,   exposure   of   the, 
620 
*Extra-capsular'    fracture  of   the   neck 
of  the  femur,  804 
impacted,  805 
Extremities,  nerves  of  the,  operations 

upon  the,  613 
Extremity,  lower,  see  Lower  extremity 

upper,  see  Upper  extremity 
Eye,  protection  of  the,  in  removal  of 
the  Gasserian  ganglion,  592, 
605 
Eyelids,  suturing  together  of  the,  in 
the  removal  of  the  Gasserian 
ganglion,  592,  605 

Facial  artery,  ligature  of,  523 

nerve,  anastomosis  of  the,  607 

with    the    hypoglossal    nerve, 

608 
with     the      spinal     accessory 
nerve,  608     , 
surgical  anatomy  of  the,  607 
paralysis,  nerve-grafting  in,  579 
Farabeuf's  amputation  of  the  leg  at  the 
'seat  of  election,'  338 
finger,  223 
great  toe,  2"^^ 
rugines,  685 

su])-astragaloid  disarticulation,  296 
Faradic    current,    apparatus    for,    832, 

834 
contractions  of  muscle  by,  831 


Faradic:  current,   (cont.) 

in  the  treatment  of  wasted  muscle, 

831 

technique,  836 
'Faradic  effect'  on  the  skin,  833 
Faradism  in  the  treatment  of  muscular 
wasting  following  nerve  in- 
juries, 874 
Femoral  artery,  ligature  of  the,  443 
at  apex  of  Scarpa's  triangle,  448 
below     Poupart's     ligament     (the 

common  femoral),  450 
in  Hunter's  canal,  446 
surgical  anatomy  of,  444 
drainage,    see    Drainage,    femoral 
nerve,  exposure  of  the,  620 
Femur,  epiphysis  of  the  head  of,  sep- 
aration at,  802 
fractures  about  the  neck  of  the,  801 

treatment  of,  802 
above  the  condyles,  813 
fracture  of  the  neck  of,  *extra-cap- 
sular,'  804 
'intra-capsular'  805 
fixation  by  bone  pegs  of,  715 
the  shaft  of,  operations  upon,  701 
head  of  the,  partial  separation  of 

the,  802 
osteotomy  of  the,  sub-trochanteric, 
679 
Fibula,    fracture   of   the,   without   dis- 
placement, skiagrams,  show- 
ing, 847,  848 
Fifth   nerve,  exposure  of  divisions  of 

the,  584 
Finger  or  Fingers: 
amputation  of,  213 
Farabeuf's,  223 
by  elliptical  incision,  224 
of  all  of  the,  231 
with  its  metacarpal  bone,  226 

229 
several,    with    their    metacar- 
pals, 231 
surgical  anatomy,  213 
apparatus    (McKenzie)    for  exer- 
cising, cut  showing,  891,  892 
bistoury,  214 

contracture  of,  case,  illustrating 
treatment  by  graduated  con- 
traction, 878 
deformity  of,  following  nerve  in- 
juries, correction  of.  by 
splints,  880,  881 
exercise  for,  various  forms  of,  ^3 
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Finger  or  fingers:  (cont.) 

hyperexiension    of,    in    burns    and 

septic  wounds,  750 
injuries   to,  arthritic  changes   fol- 
lowing, 844 
roller  for  exercising,  890 
sprains  and  fractures  of,  843 
wrist  and  fingers,  890 
'Finger  knife'  for  amputations,  201,  214 
Fixation,    forward    dislocation    of    the 
shoulder  with  fracture  of  the 
glenoid,  761 
in  the  treatment  of  dislocations  of 
the    sterno-clavicular    joint, 

754 
wrist  and  carpus,  784 
neck  injuries,  793 
mechanical,  of  fractures,  702 

methods    of,    in    recent    frac- 
tures, 705 
Flaps,  method  of  fashioning,  187,   196, 
198 
raising,  200 

osteoplastic,    reflected,    cut    show- 
ing, 603 
periosteal,   transplantation   of,   698 
skin,    in   the   obliteration    of   bone 
cavities,  689 
Flat-foot,  823 

diagnosis  of,  824 
treatment,  825 
acute,  825 

treatment,  826 
rigid,  826 

treatment,  826 
Flavine  antiseptics,  action  of,  903,  910 
Flexion   deformity  of  the   elbow-joint, 
gradual  correction  of,  853 
of    fingers,     following    nerve     in- 
juries,    correction     of,     by 
splints,  877 
of  wrist  following  nerve  injuries, 
correction     of^     by     splints, 
878,  879 
in  median  nerve  injury,  871 
limitation  of,  gradual  correction  of 

deformity  from,  854 
of  the  knee,  division  of  one  or  more 
of  the  hamstring  tendons  in, 
638 
Flexor  hallucis  longus,  tendon  of  the, 

division  of  the,  636 
Fliigge's  investigations  concerning  air- 
borne, infection,  8 
Fluid  in  knee-joint,  causes  of,  859 


Foot,  amputations  of  the,  275 
arches  of  the,  823 
at  right  angles  to  leg,  in  healing  of 

wounds  of  the  parts.  750 
dislocation  of  the,  division  of  lendo 

Achillis  in,  632 
everted,  823 
flat,  823 
hallux  rigidus,  826 

valgus,  827 
hammer-toes,  828 
in  ballet-dancers,  824 
barefooted  races,  824 
boot-w^earing  races,  824 
infant's,  823 

injury    to,    position    during   treat- 
ment, 838 
in  loop  when  lifting  ankle  forward, 

diagram  showing,  818 
inversion  of  the,  818 

with    dorsiflexion    in    stimula- 
tion of  tibialis  anticus,  839 
cut  showing,  838 
ligature  of  the  arteries  of  the,  423 
metatarsalgia,  828 
Red  Indian's,  824 
'rheumatism'   of   the,   a  misnomer, 

weak,  823 
Foot-drop,  apparatus  for  the  treatment 
of,  cuts  showing,  873 
following  division  of  external  pop- 
liteal nerve,  electrical  slinm- 
lation  of  muscles  in,  874 
in  lesions  of  the  external  popliteal 

nerve,  treatment  of,  874 

toe  elevator  for  prevention  of,  872 

weakness  of  anterior  tibial  muscles 

with   tendency   to,   splintage 

in,  856 

Foramen,   infra-orbital,   localization   of 

the,  585 
Foramitti's   method   of   nerve-bridging. 

566 
Forceps,  bone,  cut  showing,  705 

delivery,    in   the   use   of   hyoscine- 

morphine  anaesthesia.  173 
De  Vilbiss's  skull,  cut  showing,  601 
Lynn  Thomas  haemostatic,  194 
Schoemaker's  artery,  cut  showing, 
596 
Forearm,  amputation  through  the,  240 
by  circular  method.  243 
by  equal  flaps.  246 
arteries  of  the,  ligature  of,  474 
apparatus    for   assisting  in   prona- 
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Forearm:  (cont.) 

tion   and   supination  of,  cut 
illustrating,  887 
upper,   fractures  of  the,   ischaemic 
paralysis  of  hand  in,  751 

'Fore-quarter'  amputation,  270 

Formalin  in  sterilization  of  instru- 
ments, 14 

Fossa  of  the  base  of  skull,  middle,  ex- 
posure of  floor  of  the,  in  re- 
moval of  the  Gasserian 
ganglion,  cut  showing,  595 

Foulerton's  investigations  concerning 
the  etiology  of  elephantiasis 
Arabum,  540 

Fracture  or  Fractures : 

about  the  condyles  of  the  humerus, 

elbow- joint,  yy2 

knee-joint,  813 

neck  of  the  femur,  801 

'active  wasting'   of  muscle  during 
treatment  of,  862 

adhesions    during,    prevention    of, 
862 

after  treatment  of,  862,  866 

associated  with  injuries  of  joints, 
treatment  of,  732 

Albee  operation,  sliding  graft,  713 

Barton's,  784 

Bennett's  stave  of  thumb,  787 

bone-transplantation  in,  712 

callus,    excessive,    prevention    of, 
864 

cases  in  which  forcible  manipula- 
tion is  contra-indicated,  884 

Collcs's.  784 

combined   with   dislocation,   opera- 
tions upon,  702 

compoimd,  amputation  for,  179 

recent,    operations    upon,    717 
after-treatment,  719 

control    of   muscular   atrophy   and 
adhesions,  862 

crush-,  amputation  for,  178 

fixation,    mechanical,    question    of, 
702 
method  of,  705 

Ploglund   operation,    sliding   intra- 
medullary splint,  714 

implicating  joints,  operations  upon, 
701 

'intra-scapular,'    of    the    humerus, 
764 

mal-union  of,  operations  for,  y22 
after-treatment,  723 


Fracture  or  fractures:  (cont.) 
indications,  722 
results,  723 
osteotomy  in,  673 
massage  in,  limitations  of.  865 
necessitating        removal       oi 
splints  in,  865 
mechanical  fixation  of,  702 
movement  of  joints  in    treatment, 

864 
multiple,  operations  upon,  702 
cedema  in,  massage  useful  in  treat- 
ing, 865 
of  the  anatomical  neck  of  the  hu- 
merus, 764 
astragalus,  821 

base   of   the   terminal    phalanx  of 
the  thumb,  skiagram   show- 
ing, 844 
carpus,  782 

cervical  vertebrae,  792 
condyles  of  the  tibia.  814 
coronoid  process  of  the  ulna,  yy^ 
elbow,  772 
femur,  about  neck  of,  801 

impacted,  805 
femur  above  the  condyles,  813 
shaft  of  the  femur,  operations  up- 
on, 701 
glenoid,  in  forward  dislocations  of 

the  shoulder,  761 
head  of  the  radius,  776 
humerus  about  elbow,  772 

shoulder,  764 
long  standing,  non-union  with  dis- 
placement, treatment  of,  /2i 
operations  upon,  719 

for       simple       non-union 
without       displacement, 
720 
neck  of  the  humerus,  763 

with   dislocation   of   the  head 

of  the  humerus,  766 
radius,  776 
scapula,  763 
olecranon    process,    treatment    of, 

772 
patella,  815 

posterior  part  of  the  lower  end  of 
the  radius,  head  of  the,  776, 

784 
neck  of  the,  776 
spinal  column,  791 
spine  of  the  tibia,  812 
surgical     neck    of    the     humerus, 

765 
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Fracture  or  fractures:  (cont.) 

terminal  phalanx  of  thumb,  history 

of  case,  843 
tuberosities  of  the  tibia,  815 
upper  limb,  ischaemic  paralysis  of 

the    hand    associated    with, 

751 
vertebra,  cause  of  stiff  back,  795, 

796 
operations  upon,  699 
operation,  time  for,  703 
pain  in,  massage  useful  in  reliev- 
ing, 864 
Pott's,  819 

complications  of,  820 
principles  of  after  treatment  of,  862 
of  treatment  of,   poor   results 
due    to    non-observance    of, 
862 
recent,  methods  of  mechanical  fix- 
ation in,  705 
operations  upon,  699 
indications,  699 
technique,  703 
simple,  recent,  operation  upon,  700 
splints,    early    removal    a    possible 

danger,  865 
sprains  of  the  thumb,  843 
suture  of,   by  catgut  or  kangaroo 
tendon,  705 
silk,     silkworm-gut,    or    wire, 
706 
time  for  operation  upon,  703 
treatment  of,  ideal,  866 
union  of,  by  screws,  nails,  and  pegs 

of  metal  or  ivory,  707 
ununited,  operations  for,  719 
indications,  719 
technique,  720 
Friction  massage,  description  of,  883 
Furneaux     Jordan's     operation— disar- 
ticulation   at   the    hip-joint, 
182,  193,  366 

Gait  of  boot-wearing  races,  824 

child,  824 
Red  Indian,  824 
Galvanism  in  the  treatment  of  muscular 
wasting  following  nerve  in- 
jury, 874 
Ganglion,     Gasserian,     see     Gasserian 

ganglion 
Ganglion,   Meckel's    (spheno-palatine), 
position  of,  585 
of  the  wrist,  compound,  excision  of 


Ganglion  of  the  wrist:  (cont.) 

the   common   sheath   of   the 
flexor  tendons  in,  666 

Gangrene,  amputation  for,  179 

incipient,  arteriorrhaphy  for,  378 

Grangrenous  inflammation,  bacteriology 

of,  5 
Garments,  sterilization  of,  14 

Gasserian    ganglion,    avulsion    of    the 
sensory  root  of  the  (Spiller- 
Frazier),  605 
operations  upon  the,  584 
'physiological    extirpation'    of    the 

(von  Gebruchten),  605 
removal  of  the,  598 

after-treatment,  599 
difficulties  and  dangers  of  the, 

599 
Cushing's  method,  590 

modified,  591 

Doyen's  method,  603 

Hartley-Krause's  method,  600 

results  of,  604 

surgical  anatomy  of  the,  589 

Gauze,  iodoformed,  370 

in     the     treatment     of     infected 

wounds,   18 

Genu    valgum,    Macewen's    supra-con- 

dyloid  osteotomy  in,  674 

Germicides,  effects  of,  10 

Gigli's  wire  saw  for  amputations,  205 

introducer,  cut  showing,  602 

Glands,  axillary,  tuberculous  infection 

oU  555 
cervical,    enlargements    of,    diag- 
nosis of,  558 
tuberculous     enlargement     ofj 

554 
occipital,      tuberculous      affections 

oU  555 
Glands,  tuberculous,  554 

Glenoid,  fracture  of  the,  in  forward  dis- 
locations of  the  shoulder,  761 
Glove,  with  elastic  bands,  in  the  treat- 
ment of  injuries  of  the  mus- 
culo-spiral  and  posterior  in- 
ter-osseus  nerves,  872 
use  of,  in  operations,  9,  13 
sterilization  of,  14 
Gluteal    artery,    inferior,    sec    Sciatic 
artery 
superior,  anatomy  of,  464 
ligature  of,  464 
Goitre,  regional  analgesia  in,  89 
'Golf  elbow,*  770 
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Gordons    (M   H),   investigations   con- 
cerning bacteriology  of  the 
atmosphere,  7 
Gordon   Watson's   trans-calcaneal   am- 
putation, 317 
Gradual  correction  of  deformity  (Rob- 
ert   Jones's),     in     case     of 
flexed  elbow-joint,  cut  show- 
ing, 854  .  .  , 
after  treatment  for  ten  days  with 
the    screw    extension    appa- 
ratus, cut  showing,  855 
of  fractures,  863 
of  peripheral  nerve  injuries,  868 
resulting  from  nerve  injuries,  877 
in     conditions,     of     limitation     of 
movement, — stretching,   854 
in  the  treatment  of  intra-articular 
lesions,  853 
Graduated    contractions,    treatment    of 
joint  and  muscle  injuries  by, 

apparatus  required  for,  832 
battery  used  in,  cuts  showing,  838 
considerations,     general,     in     the 
treatment      of      joint      and 
muscle  injuries  by,  831 
acute  sprains,  844 

of  adductor  nmscles,  846 

ankle  joint,  846 
elbow,    neighborhood    of    the, 

848 
of  isolated  muscles,  849 
chronic  sprains,  851 

and    internal    derangement    of 

the  knee-joint,  856 
of  intra-articular  lesions,  853, 

860 
synovitis  of  knee  with  wasting 
of  the  quadriceps,  cut  illus- 
trating, 858 
fractures,  after  treatment  of,  862 
of   lower   end  of   radius   with 
joint  involvement,  cut  show- 
ing, 863 
peripheral     nerve     injuries,     after 
treatment  of,  868 

treatment   of  the  deformity 
by,  877 
nutrition,  874 

by  electrical  stimulation,  874 
exercises,  876 
heat,  876 
massage,  876 
postural  treatment  in,  868 


Graduated  contractions:   (cont.) 

psychic  effect  of,  850 

relaxation  of  patient  necessarv*,  840 

rhythmic,  831 

technique  in  the  treatment  of,  836 
Grafts,  bone,  in  fractures,  712,  713 

non-attached,     transplantation    of, 

sliding — ^Albee  operation  in  frac- 
tures, 713 

inlay,  diagram  illustrating  applica- 
tion of,   to   fresh   fractures. 

714 
Grafting  of  tendons,  660 

various   methods  of,   cut   showing. 

662 
Granulations,  formation  of,  751 

in   the   healing   of    wounds   about 

joints,  treatment  of.  749 
Great  sciatic  nerve,  see  Sciatic  ner\e, 

great 
Green,  brilliant,  see  Brilliant  green 
Green,  malachite,  see  Malachite  green 
Green's     (Leedham)     experiments    in 

skin  disinfection,  12 
Grossich's   experiments   in   skin   disin- 

f  action,  12 
Guillotine  operation,  196 
Gunshot  wounds  of  spinal  column,  797 
involving  the  popliteal  arter}', 

ligature  for,  436 
Guyon's     supra-malleolar     amputation, 

323 

Gwathmey's  (J.  T.)  method  of  produc- 
ing general  anaesthesia  by 
ether-oil    colonic    injection, 

59 

Ha?molysis,  avoidance  of,  in  blood 
transfusion,  406 

Haemolytic  test  of  blood,  397 
Haemophilia,  blood  transfusion  in,  411 
neonatorum,  blood  transfusion  in, 
412 
Haemorrhage  in  amputations,  184 
arrest  of,  207 
control  of,  methods  of,  191 
during  disarticulation  at  the  hip- 
joint,    methods    of   control- 
ling, 363  ,    . 
indication    for    blood    transfusion 

in  the  removal  of  the  Gassenan 
ganglion,  591,  595,  59^' 
598.  599 
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Haemorrhage:  (cont.) 

Doyen's  method,  591,  604 
about  the   spinal   cord,   effects  of, 

796 
intra-venous  infusion  for,  535 
Hsemorrhagic   diseases,    indication    for 

blood  transfusion,  411 
Ha^mostasis    by    special    apparatus    in 

amputations,  193 
Hahn's    operation    for    transplantation 
of  attached  bone  grafts,  697 
Hallux  rigfdus,  826 
treatment  of,  827 
valgus,  827 
Hammer-toes,  operation  for,  828 
Hamstring    tendons,    division    of    the, 

638 
Hand,  arteries  of  the,  ligature  of,  474 
and  wrist,  amputation  of,  213 
clawing    of    the,    following    ulnar 
nerve  injury,  prevention  of, 
870 
ischaemic    paralysis    of    the,    diag- 
nosis of,  751 
paralysis   and   contracture  of,   fol- 
lowing   brachial    plexus    in- 
jury, cuts  showing  treatment 
of,  878,  879 
position    of   the,    in    ischaemic    pa- 
ralysis,  751 
roller,  for  exercising  the  wrist  and 
fingers,  cut  showing,  889 
Hands,  operator's,  disinfection  of  the, 

palms    of,    hyperextension    of,    in 
burns    and    septic    wounds, 

source  of  wound  infection,  9 
*Hands,'  surgical,  7 
Hand  splint,  short,  cut  showing,  750 

applied,  cut  showing.  750 
Handley  (\V.  Sampson)  on  Surgery  of 
the  Lymphatics,  537 
investigations        concerning        the 
etiology      of      elephantiasis 
Arabum,  539 
lymphangio])lasty,  540 
benefits  of.  546 
method  of  burying  silk  threads  in 
the  tissues  in  the  treatment 
of     elephantiasis      Arabum, 
540 
Harrington's     (C.)     experiments    con- 
cerning   the     infectivity    of 
sweat,  13 


Hartley-Krause  method  for  removal  of 
the  Gasserian  ganglion,  590, 
600 
Heart,    acute    dilatation    of,    in    blood 

transfusion,  406 
Heat,  antiseptic  action  of,  900 
Heat  in  the  treatment  of  pain  in  cica- 
trices, 740 
in    after-treatment    of    nerve    in- 
juries, 876 
modern  methods  of  applying,  882 
radiant,  use  of,  882 
treatment  by,  882 
Heating  of  operating  theatre,  19 
Heels,   raised  on   inner  side,   in   treat- 
ment of  flat-foot,  825 
Hernia,    strangulated,    local    analgesia 
during    operative    treatment 

of,  135 
Heteroplastic  nerve-bridging,  568 

tendon-lengthening,  657 
Hetero-transplantation   with   nerve,   in 
nerve-bridging,  576 
results,  576 
Hexa-methyl    violet,    antiseptic    action 

of,  905 
Hexamine,    antiseptic    action    of,    906, 

912 
Hey's  operation,  282 

through  the  leg,  329 

brilliant  green  paste,  formula  for, 

Hibb's  method  of  lengthening  tendons, 

654 
cut  showing,  655 

Hip,  alxluction  frame  for,  802 

dislocation  of  the,  798 

anterior,  800 

posterior,  799 

luxation  of  the.  central.  801 

tuberculous^  failure  of  excision  of, 

disarticulation  after,  363 
wounds,  inflexure  of  the,  slight  ad- 
duction of  thigh   in,  750 
Hip-joint,  disarticulation  at  the,  362 
choice  of  operation,  363 
Furneaux   Jordan's   operation, 

366 

hc'cmorrhage     during,     control 

of,  363 
by  lateral  flaps   (racket  meth- 
od), 370 
fractures  about,  801 
treatment,  804 
landmarks  of  the,  798 
Hodgkin's  disease,  556 
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Hoglund  operation,  sliding  intramedul- 
lary splint  in  fractures,  714 

Homo-transplantation    with    nerve,    in 
nerve-bridging,  576 
non-nervous  tissue  in  nerve-bridg- 
ing, 579 

Hood   (Wharton)   see  Wharton  Hood 

Horsley's  aseptic  wax,  formula  for,  591 
method    for    the    removal    of    the 
Gasserian  ganglion,  590 

Hot  needle,  for  treatment  of  chronic 
strain  about  the  elbow,  cut 
showing,  771 

Humerus,     anatomical     neck    of    the, 
fracture  of  the,  764 
condyles  of  the,  fractures  about  the, 

fracture  of  the,  involving  the 
joint,  774 
dislocation  of  the,  757 
diagnosis  of,  757 
epiphysis  of  the,  separation  of  the, 

764 
*intra-scapular'  fracture  of  the,  764 
neck  of  the,  fractures  of  the,  763 
the    neck    with    dislocation   of 
the  head  of  the,  766 
greater    tuberosity    of    the,    frac- 
ture of  the,  762 
with  dislocation,  762 
Huntington's   operation   for  transplan- 
tation    of     attached     bone 
grafts,  697 
Hutton's      (bonesetter)      methods     in 
breaking     down     adhesions, 

Hydrogen    peroxide,    antiseptic    action 

of,  905 

Hydrotherapy     in     the     treatment     of 
stumps,  211 
joint  and  muscle  injuries,  882 

Hygroma,  cystic,  552 

Hyoscine,  action  of,  170 

Hyoscine    hydrobromide,    solutions   of, 
dosage  of,  171 
salts,  use  of,  in  ol)stetrics,  173 

Hyoscine-morphine  anaesthesia  in 
obstetrics,  173 

Hyoscine-morphine  anaesthesia,  after- 
effects on  mother  and  child, 

173 

dangers  of,  172 

effects  of,  on  foetus,  173 
general  effects  of,  171 
indications,  171 


Hyperaemia,  local,  production  of  by  heat 
and  ionization,  882 

Hyper-extension  of  the  thumb  in  the 
reduction  of  dislocation  of 
the  metacarpo-phalangeal 
joint  of  the  thumb,  789 

Hypochlorous  acid,  antiseptic  action, 
902 

Hypogastric  artery,  see  Iliac  arter}*, 
internal 

Hypoglossal  nerve,  anastomosis  of  the. 
with  the  facial  nerve,  608 
exposure  of  the,  608 
surgical  anatomy  of  the,  608 

Uiac  artery,  surgical  anatomy,  454 

common,  anatomy  of,  462 

ligature  of,  461 
external,  ligature  of,  454 

Astley  Cooper's  operation,  456 
extra-peritoneal  method,  455 
trans-peritoneal  method,  459 
internal,  anatomy  of,  461 
ligature   of,   460 
Implantation   (nerve-grafting),  578 
method  in  tendon-grafting,  648 
of  tendons,  cut  showing,  661 
Incision,  circular,  in  amputation,  196 
racket,  220 
elliptical,  in  amputation,  198 
for  division  of  the  stemo-mastoid, 

cut  showing,  641 
exposure  of  the  brachial  plexus  in 
the  neck  (cervical  rib),  612 
hypoglossal  nerve,  608 

median  nerve,  613,  614 
musculo-spiral    nerve    at    the 
bend  of  the  elbow,  cut  show- 
ing, 616 
great  sciatic  nerve,  618 
internal     semilunar    cartilage, 

811 
spinal  accessory  nerve,  609 
ulnar  nerve,  615 
in    acute    infective    osteomyelitis, 

681 
anastomosis    of   the    facial  nerve, 

607 
avulsion  of  the  sensory  root  of  the 

Gasserian  ganglion,  606 
affections  of  the  bursas,  668 
bursitis,  subacrominal,  668 
operation  upon  hammer-toes,  828 

recent  fractures,  704 
recent  compound  fractures,  717 


INDEX 


969 


Incision:  (cont.) 

Mace  wen's  supra-condyloid  osteot- 
omy, 674 

the  A  -,  in  muscle-lengthening, 
626 

removal  of  the  Gasserian  ganglion, 
cut  showing,  593 

resection  of  the  posterior  primary 
divisions  of  the  first  three 
cervical  nerves,  611 

Steinmann  nail-extension  in  frac- 
tures, 717 

sequestrotomy    after    acute    osteo- 
myelitis    in      long-standing 
cases,  686 
in  recent  cases,  684 

excision  of  the  sheath  of  a  tendon, 
667 
Volkmann*s  contracture,  627 

length  of,  for  ligature  of  arteries, 

4^5. 
the    'multiple    cone,'     in     muscle- 
lengthening,  626 
oblique  racket,  221 
of    skin    and    muscle    in    muscle 
suture,    avoidance    of    cor- 
respondence of,  625 
and    subadjacent   parts   in   tendon 
suture,    avoidance    of    cor- 
respondence of,  652 
Infantile  paralysis,  wrist  drop  in,  pos- 
tural  treatment   of    (Robert 
Jones's),    case    illustrating, 
860 
Infected  cases,  operations  upon,  27 

wounds,  abortive  treatment  of,  916 
antiseptics     in     treatment     of, 

908,  913 
bacteria       in,      determination, 

929^  930 
Infected  wounds,  closure  of,  930 

perforating    or    seton,    application 

of  Carrel  tubes  in,  920 

recrudescence    in,    prevention    of, 

sterilization  of,  factors  in  the,  914 
surgical  preparation  of,  916 
technique  of  sterilization  of,  920 
treatment  of,  22,  913 
alx)rtive,  916 
after  suppuration,  910 
application  of  anti>cptic,  899 
arrangement  of  tubes,  923 
bacteriologic  control  of,  929 
bullet-wound,    correct    method 


Infected  wounds:  treatment  of,  (cont.) 
of  applying  conduction  tubes 
(cut),  926 
Carrel  method,  914 
closure  of  the  wound,  930 
bones,  931 
empyema,  932 
Dakin  solution,  preparation  of, 

935 
preparation  for,  916 

glass  distributing  tubes,  915 

rubber   instillation   tubes,  915, 

917,  919,  921,  923,  924 

Infection,  air-borne,  7 

chemotherapy  in,  914 

contact,  9 

disinfection  of  the  hands,  13 
patient's  skin,  11 
instruments  and  dressings,   14 
ligature  and  suture  materials, 

15 

of  wounds,  5 

recrudescence    of,    prevention    of, 

911 
resistance  to,  6,  9 
sources  of,  7 
susceptibility  to,  6,  9 
Infections,  post-operative,  23 
mild,  treatment  of,  24 
pre-existing,  2y 
severe,  treatment  of,  25 
specific,  26 
Infections,    wound,   see   Wound    infec- 
tions 
Inferior     dental     nerves,    resection     of 
the,  587 
gluteal  artery,  sec  Sciatic  artery 
maxillary   nerve,   anatomy   of  the, 

587 

resection  of  the,  587 

Infiltration,  and  regional  analgesia,  112 

Inflammation,  gangrenous,  bacteriol- 
ogy of,  5 

Inflammatory  products  broken  up  by 
deep  mahsage,  883 

Infra-orbital  foramen,  localization  of 
the,  585 

Infusion,  intra-ver.ous,  535 

Inhaler,  used  for  extraction  of  teeth.  86 

Injection  for  prod v.ct ion  of  analgesia, 
technique  of,   147 

Injuries  of  ankle-joint  and  joints  of 
the  tarsus,  817 

Injuries  of  arteries,  arteriorrhaphy  for, 

377 
back,  791 
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Injuries:   (cont.) 

examination  in,  791 
about  the  elbow,  769 
disarticulation     at     hip-joint     for, 

362 
of  joints  of  the  lower  limb,  798 

upper  limb,  753 
musculo-spiral  and  posterior  inter- 
osseus       nerves,       postural 
treatment  of,  872 
neck,  fixation  of,  793 
semilunar  cartilages,  808 
spinal  column,  791 
causes  of,  791 
diagnosis  of,  791 
paralysis  associated  with,  796 
spinal  cord,  796 
stiff  back  following,  795 
wrist-joint  and  carpus,  781 
war,  blood  transfusion  for,  411 
Innominate  artery,  ligature  of,  495 

through  a  median  vertical  incision, 

498 

A- shaped  incision,  496 
surgical  anatomy,  495 
Insulated  needle,  used  in  locating  nerve, 

cut  showing,  108 
Internal    carotid    artery,    see    Carotid 
artery,  internal 
iliac    artery,   see   Iliac   artery,    in- 
ternal 
pudic  artery,  anatomy  of,  467 
ligature  of,  467 
Instep-plates,  not  advisable,  825 
Instillation    tubes,    rubber,    description 

of,  920 
Instruments,  sterilization  of,  14 
Insufflation,  intrapharyngeal,  67 

intratracheal,  67 
Internal    popliteal    nerve,    exposure    of 

the,  620 
Interosseus    nerves,    paralysis    of    the, 
clawing    of    hand    due    to, 
870 
postural    treatment    of    injury    to, 
872 
Interphalangeal  joints,  acute  sprains  of, 
characteristics,        diagnosis, 
prognosis,  and  treatment  of, 

843 
fractures  complicating,  843 

injuries   to,    followed    by   arthritic 

changes,  844 

disarticulation  of  a  finger,  214 

a  toe,  275 

Interscapulo-thoracic  amputation,  270 


Intra-articular    lesions,    diagnosis    of, 

853 
pam  m,  853 

treatment  of,  854 

knee,  860 

*Intra-capsular'    fracture   of    the   neck 

of  the  femur,  805 

Intrapharyngeal  anaesthesia,  53 

motor-driven    pump    used    in, 

cut  showing,  54 

tube  used  in,  cut  show^ing,  55 

insufflation,   67 

Intratracheal  anaesthesia,  55 

insufflation,  67 

Intra-venous  anaesthesia,  56 

advantages  and  disadvantages, 

57 
technique     in     administration, 

57 
Intra-venous  infusion,  535 

Introducer,     Gigli's     wire     saw,     cut 

showing,  602 
Inversion  exercises,  use  of,  893 
cut  showing  apparatus,  894 
of  the  foot,  8i8 
Iodine,  antiseptic  action  of,  901 
disinfection,  effects  of,  10 
in  skin  disinfection,  12 
ions,  ionization  with,  for  resolving 
scar  tissue,  882 
Iodoform,  antiseptic  action  of,  902 

wax,  formula  for,  690 
Ionization,     hyperaemia     produced    by, 
882 
use  of  in  chronic  sprains  of  knee- 
joint,  857 
in    loosening    adherent    scars, 

882 
in  sprains,  857 
in  the  treatment  of  wasting  of  the 

quadriceps,  857 
with   chlorine   or  iodine   ions,  use 

of,  882 
with  solution  of  sodium  salicylate, 
use  of,  857,  882 
Irrigating  device,  automatic,  928 
Irrigation  of  wounds,  17 
Ischaemic  paralysis  of  hand,  correction 
of  deformity  of,  by  splints. 

879 

diagnosis  of,  751 
treatment  of,  752 

by  gradual  correction,  879 
Isolation  of  septic  cases,  21 
Ivory   pegs    for   the   fixation   of   frac- 
tures, 708 
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Jaw,  inoperable  cancer  of  the,  re- 
section of  the  inferior  or 
dental  nerve  for,  587 

Joint  or  Joints: 

acromio-clavicular,     ligaments     of 

the,  754 
ankle,  disarticulation  at  the,  177 
by  a  large  internal  flap,  311 
by  the  racket  method,  313 
by  Roux's  method,  313 
by  Syme's  method,  306 
ankle,  injuries  of  the,  817 
ankylosis  of,  cause  of,  745 

treatment  of,  745 
contraction    of    scar     tissue    and 
compound     injuries     about, 
748 
dependent     upon     ligaments     for 

strength,  831 
disease,      intractable,      amputation 

for,  180 
elbow,  disarticulation  at  the,  248 
by  circular  method,  249 
elliptical  incision,  252 
large  external  flap,  255 
examination  of,  technique  of,  738 

operative,  701 
granulations    in    the    healing    of 
wounds  about,  treatment  of, 

.749 
hip,  disarticulation  at  the,  362 

anterior  racket  method,  370 
Furneaux      Jordan's      opera- 
tion, 366 

haemorrhage     during,     control 

oU  363 
injuries  of,  72J 

injuries  of,  and  sprains,  'active' 
and  'reflex*  wasting  follow- 
ing, 831 

associated  with  fracture,  treat- 
ment of,  732 

bandaging  in,  734 

elastic  pressure  in  the  treat- 
ment of,  734 

general  principles  controlling 
treatment  of,  y2y 

gradual  splinting  with  exten- 
sion (Jones's  method)  in 
the  treatment  of,  853 

heat  in  the  treatment  of.  876 

knee,  see  Knee-joint,  injuries 
of  the 

massage  in  the  treatment  of, 

735 


Joint  or  Joints:  injuries  of,  (cotit.) 

movement  in  the  treatment  of, 

pain  and  stiffness  aids  to 
diagnosis  and  treatment  of, 

738 

restoration  of  muscle  tone 
more  important  than  strap- 
ping, 845 

rotation  in  manipulative  treat- 
ment, importance  of.  851 

treatment  by   gradual   correc- 
tion,  854 
interphalangeal,   acute   sprains   of, 

843 
of    the    finger,    disarticulation 

at  the,  214 
of   the   toe,   disarticulation   at 

the,  275 
flexure  at  the,   correction  of, 
878 
knee,  disarticulation  at,  342 

injuries  of  the,  8oi6 
lesions  of,  diagnosis  of,  853 
of  the  lower  limb,  injuries  of,  798 
upper  limb,  injuries  of,  753 
malposition    of,    after    amputation, 

828 
medio-tarsal,  disarticulation,  292 
Chopart's,  292 
Tripier's,  295 
metacarpo-phalangeal,    disarticula- 
tion at  the,  218 
flexure  at  the,   correction   of, 
878 
metatarso-phalangeal,     disarticula- 
tion at  the,  276 
by  a  large  internal  flap,  277 
large  square  internal  flap,  279 
the  racket  incision,  280 
of  the  outer  toes,  281 
of   the   thumb,   dislocation    of 
the,  788 
movement,    blocking   of,    by    bony 
ol)structions,   744 
limitation    of,    breaking   down 

of  adhesions  in,  743 
causes  of,  738,  742 
radio-carpal,    dislocation    of    the. 

783 
scar    tissue    about,    treatment    of, 

.  749 

ligaments  of  the,  756 
shoulder,  dislocations  of  the,  757 

ligaments  of  the,  756 
sprains  involving,  type  of,  842 
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Joint  or  Joints:  injuries  of,  (cont.) 

sterno-clavicular,     dislocations     of 
the,  753  . 
ligaments  of,  753 
rest  of  the,  attainment  of,  753 
stiff,  of  post-traumatic  osteoarthri- 
tis, forcible  manipulation  in 
the  treatment  of,  854 
stiff    and    painful,    'eau    courante* 
baths   in   the   treatment   of, 
876 
ionization     promoting     hyper- 
aemia,  882 
stiffness  of,  causes  of.  738.  742 
during     fractures,     prevented 
by     graduated     contraction, 
862 
through    formation    of    adhe- 
sions, 742,  862 
neurotic,  746 
strains     of     muscular     attachment 

about,  729 
structure   of,   in   relation   to   their 

normal  functions,  831 
tarsals,  injuries  of  the,  821 
tarso-metatarsal,         disarticulation 

through  the,  282 
tests  to  determine  the  advisability 

of  moving,  739 
transplantation  of,  698 
wounds    implicating,   extension    of 

limb  in,  750 
wrist,  disarticulation  at  the,  233 
by  circular  incision,  233 
elliptical  incision,  234 
external  flap,  238 
long  palmar  flap,  235 
and  muscle  injuries,  treatment  of, 
by     muscular     contractions, 

831 

Jones's  (Sir  Robert)  abduction  frame 
for  fractures  about  the  neck 
of  the  femur,  cut  showing, 
802 

gradual    correction    of    deformity 
resulting     from     nerve     in- 
juries, 877 
knee   cage   in   wasting  of   the 
quadriceps,  858 

manual  reduction  of  deformitv  in 
Collcs's  fracture,  cut  show- 
ing. 7^5 

splints  for  Collcs's  fracture,  786 

'stretch  and  rest'  treatment  of 
compound  and  septic  wounds 
of  the  elbow,  780 


Jones's  (Sir  Robert)    (cont,) 

treatment    of    ischaemic    paralysis 
of  the  hand,  752 
joint      injuries      by      gradual 
splinting      with      extension, 

854 
Jordan's  (Furneaux)  disarticulation  at 
the  hip- joint,  366 
method  of  amputation,  182 

Kanavel's  method  of  tendon  suture, 

650 

tendon  suture,  cut  showing.  651 
use  of  silk  and  free  transplants  of 
fat  in  the  reconstruction  of 
tendons,  658 
method  for  the  treatment  of  wry- 
neck, 643 
Kangaroo  tendon,  use  of,  in  suturing 

fractures,  705 
Kennedy's     (Robert)     method     in    the 
treatment  of  spasmodic  wr}- 
neck,  644 
Keyhole  saw  for  bone,  721 
Kidney   function  under  anaesthesia,  J2 
Knee-cage  (Robert  Jones's)  in  wasting 

of  the  quadriceps,  858 
Knee,  adhesions,  743,  856 

after-treatment  of  injuries,  809 
'clicking,'  810 

contraction    of    the,     division    of 
one    or    more    of   the    ham- 
string tendons  in,  638 
crucial      ligaments,      rupture      of, 

812 
diagnostic     points     of     tenderness 

about,  cut  showing,  807 
and  thigh,  arteries  of  the,  ligature 
of,  436 
Knee-joint,  disarticulation  at,  342 

by    an    oblique    elliptical    incision, 

346 
by  Stephen  Smith's  method,  342 
dislocation  of  the,  811 
external   lateral   ligament  in   rela- 
tion to  the,  806 
fluid  in,  causes  of,  857 
flexion  of  the,  division  of  one  or 
more  of  the  hamstring  ten- 
dons in,  638 
fractures  about  the,  813 
of  the  patella,  815 
of  the  tibial  spine,  812 
injuries  of  the,  806 

adhesions      about,      breaking 
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Knee-joint:  injuries,  (cont.) 

down,       how       accom- 
plished, 843 
formation     of,     how     fa- 
vored, 859 
adhesions     following    rest    in 
the  treatment  of,  859 
exploration  of,  861 
bandaging  after  operation,  861 
caliper   splint   applied,   860 
changes  in,  due  to  injury,  860 
chronic    sprain    of,    graduated 
contraction    in,    case    illus- 
trating, 856 
chronic    synovitis    with    wast- 
ing  of   the   quadriceps,    cut 
showing,  858 
internal  derangements  of,  807, 

856 
internal  lateral  ligament,  diag- 
nosis of  damaged,  856 
intra-articular  lesions,  860 
ionization  in  treatment  of,  857 
non-operative     treatment     of, 

855 

not  involving  semilunar  carti- 
large,  856 

operative  treatment  and  non- 
operative  treatment,  indica- 
tions for,  861 

quadriceps  wasting  following, 

857 

recurrent  synovitis,  859 
wasting  of  vastus  internus  fol- 
lowing, 856 
rupture  of  ligaments  of  the,  806 
sprain    often    diagnosed    as    semi- 
lunar cartilage  injury,  856 
sprains   and   internal   derangement 

of,  856 
strains    of    muscular    attachments 

about  the,  806 
internal    lateral    ligament   in    rela- 
tion to,  806 
post-patellar  pad  of  fat,  807 
semilunar    cartilage    external,    in- 
juries of,  810 
internal,  injuries  of,  808 
semilunar  cartilages  in  relation  to, 

808 
transplantation    of,    Lexer's    case 

of,  698 
Thomas's  splint,  cut  showing,  813 
applied    for   fractured    patella, 

cut  showing,  816 
diagram  showing,  as  used  for 


Thomas's  splint:  (cont.) 

fracture   of  the   femur  below 

the  small  trochanter,  about 

the  knee  and  upper  part  of 

the  leg,  814 

stiff,  breaking  down  of  adhesions 

of,  743 
*stiff,'  neurotic,  case  of,  746 
straight,  in  healing  of  wounds  of 

back  of  thigh,  750 
'weak,'  due  to  adhesions,  859 
Knife,    amputating,    methods   of   hold- 
ing, 201 
finger,  214 

for  amputations,  201 
for  incising  artery,  correct  method 

of  holding,  416 
Syme's  foot,  308 
Kocher's  incision  for  resection  of  the 
superior     maxillary     nerve, 
586 
lanceolate  incision  in  amputation, 

198 
reduction    of    anterior    dislocation 
of  the  shoulder,  758 
Krause's  removal  of  the  Gasserian  gan- 
glion, 600 
Kiittner   and   Brewer's   transplantation 

of  dead  bone,  698 
Kyphosis,  position  of  rest  for,  792 

La?vohyoscine   hydrobromide,   see 
Hyoscine  salts 

Lane's   (Sir  Arbuthnot)   bone- forceps, 
cut  showing,  705 
bone-plate  for  fractures,  cut  show- 
ing, 709 
elevator   for  the  fixation  of   frac- 
tures, cut  showing,  721 
screws  for  the  union  of  fractures, 

708 
screws    and    plates    for    fractures, 
cuts  showing,  710 
Laryngectomy,  tracheal  tube  used  dur- 
ing    nitrous     oxide-oxygen 
anaesthesia,  cut  showing,  87 
Lee's  operation,  331 
Le  Fort's  operation,  316 
Leg,  amputations  through  the,  320 

ligature  of  the  arteries  of  the,  423 
transverse    section    through    mid- 
dle,    showing     relations    of 
anterior  muscles,  cut,  430 
'Leg,  White,'  see  *\Vhite  leg.' 
Lengthening  of  tendons,  see  Tendon- 
lengthening 
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Leukemia,  blood  transfusion  in,  412 

lymphatic,  557 
Lever,    Jones's    use    of,    in    old    unre- 
duced   cases    of    dislocation 
of  the  metacarpo-phalangeal 
joint  of  the  thumb,  790 
Lewisohn's    experiments    with   citrated 
blood,  408 
method  of  blood  transfusion,  408 
Lexer's  case  of  transplantation  of  en- 
tire knee-joint,  698 
Lichtenstern,  see  Schenk  and  Lichten- 

stern 
Ligament  or  Ligaments: 

of    the     acromio-clavicular    joint, 

754 
about  the  ankle,  sprains  of,  817 

and    muscles,    relative    importance 

of,    in    various    joints,    831 

joints    dependent    upon,    treatment 

of  injuries  to,  831 
necessary   for   normal   function   of 

joints,  831 
crucial,    of    the    tibia,    rupture    of 

the,  812 
about  the  elbow- joint,  769 

sprains  of,  'J'J2 
of  knee-joint,   internal    lateral   in- 
jury of,  diagnosis,  856 
sprains  and  rupture  of  the,  806 
extensive     rupture     of,     including 

dislocation,  treatment,  731 
shoulder- joint,  756 
sprains  of,  treatment  of,  731 
sterno-clavicular  joint,  753 
Ligature  of  the  abdominal  aorta,  469 
arteries,  417 

after-treatment,  422 
exposure  of  the  artery,  415 
general  considerations,  414 
material  for,  419 
multiple,  419 
of  the  foot,  423 

hand  and  forearm,  474 
knee  and  thigh,  436 

leg,  423 

lower  extremity,  423 

upper  arm  and  axilla,  484 

upper  extremity,  474 
axillary  artery,  488 

first  part,  490 

third  part,  494 
brachial  artery,  484 

at  the  bend  of  the  elbow,  488 

in  the  middle  of  the  arm,  485 
carotid  artery,  505 


Ligature:  of  carotid  artery,  (ro«/.) 

common,  above  the  omo-hyoid, 

507 

below  the  omo-hyoid,  509 

external,  513 

interna],  516 
dorsalis  pedis  artery,  423 
facial  artery,  523 
femoral  artery,  443 

at  apex  of   Scarpa's  triangle, 
448 

below  Poupart's  ligament  (the 
common  femoral),  450 

in  Hunter's  canal,  446 
gluteal  artery,  inferior,  466 

superior,  464 
iliac  artery,  common,  461 

external,  454 

Astley    Cooper's    method, 

456 
extra-peritoneal      method, 

455 
trans-peritoneal      method, 

459 
internal,  460 

innominate  artery,  495 

through  a  median  vertical  in- 
cision, 498 
through      A-shaped     incision. 
496 
lingual  artery,  520 
at  its  origin,  520 
beneath  the  hyo-glossus  mus- 
cle, 520 
occipital  artery,  524 
pelvic  arteries,  454 
popliteal  artery,  436 

from  back  of  leg,  440 

from    inner    aspect    of    thigh, 

437 
in     lower    part    of     popliteal 

space,  441 
in    upper     part    of    popliteal 
space,  440 
pudic  artery,  internal,  467 
radial  artery,  474 

in  the  'anatomical   snuff-box,* 

479 
lower  third  of  forearm.  478 

middle      third      of      forearm, 
478 

upper  third  of  forearm,  476 
sciatic  artery,  466 
subclavian  artery,  498 

oblique  incision,  501 

third  part,  503 
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Ligature:  subclavian  artery,  (cont.) 
A-shaped  incision,  502 
right,  first  part  of,  500 
temporal  artery,  524 
tibial  artery,  anterior,  425 
in  the  lower  third,  431 
in  the  middle  third,  429 
in  the  upper  third,  427 
posterior,  432 

behind  the  inner  an- 
kle, 435 
in  the  lower  third  of 

the  leg,  434 
in  the  middle  third  of 
the  leg,  433 
ulnar  artery,  480 

in  the  lower  third  of  forearm, 

481 
in  middle  of  forearm,  481 
in  upper  third,  483 
vertebral  artery,  518 
preliminary,     to     control     haemor- 
rhage in  amputations,  192 
temporary,  to  control  haemorrhage 
in  amputations,  191 
Ligature  and  suture  materials,  sterili- 
zation of,  15 
Lighting  of  operating  theatre,  19 
Lilienthal's  mortality  statistics  of  liga- 
ture   of    subclavian    artery, 

501 
Limbs,   artificial,   difficulties   in   fitting, 

828 
Limitation  of  flexion  at  elbow,  gradual 
correction  of,  by  collar  and 
cuff  method,  854 
Linear  osteotomy,  674 
Linen     (Pagenstecher's)     as     a     skin 

suture,   16 
Lingual  artery,  ligature  of,  520 
at  its  origin,  520 
beneath  the  hyo-glossus  mus- 
cle, 520 
surgical  anatomy,  520 
nerve,  resection  of  the,  588 
Lisfranc's     amputation     of     the     foot, 

283 
Lister's    (Lord)    experiments   concern- 
ing air-borne  organisms,  7 
controlling      haemorrhage      in 

amputations,  193 
muscle   stretching   in   fracture 
of  the  patella,  626 
modification     of    Garden's    opera- 
tion, 350 


Lister's  (Lord)   (cont.) 

operatiop,   amputation   of  the   leg, 

331 
Local  analgesia,  see  Analgesia  local 

'Locking'  in  displacement  of  semi-lunar 

cartileges,  808 
Lockwood's     experiments     concerning 

chemical  antiseptics,  16 
Lower  extremity,  amputations   in   the, 

275 
joints  of  the,  injuries  of,  798 

points  for  stimulation,  cut  showing, 
840 

Luer  syringe,  for  use  in  spinal  anal- 
gesia, cut  showing,  151 

Lumbar  puncture  for  spinal  analgesia, 

151 

Lumbar  region,  fractures  of  the  verte- 
brae, 794 

Lung   complications    following   opera- 
tions, 70 

Luxatio  erecta  of  the  shoulder,  reduc- 
tion of,  760 

Lymphadenitis,  septic,  553 
syphilitic,  553 
tuberculous,  554 

Lymphadenoma     (Hodgkin's    disease), 

556 

treatment  of,  556 
Lymphangiectasis,   539 

chronic    obstructive,    accompanied 
by         lymphatic         oedema, 
Rogers- Kondoleon  operation 
for,  540 
Lymphangiomata,  552 
Lymphangitis,  537 

tuberculous,  538 
Lymphangioplasty,     Rogers- Kondoleon 
method  of,  540 
benefits  of,  546 
in  ascites,  549 

technique  of,  for  brawny  arm,  547 
Lymphatic  embolism,  545 

glands,  enlargement  of,  in  malig- 
nant growths,  545 
leukemia,  557 
Lymphatic    oedema,    see    CEdema    lym- 
phatic 
Lymphatic  vessels,  injuries  of,  537 
treatment  of,  537 
operations  upon  the,  537 
surgery  of,  537 
Lympho-sarcoma,  557 
treatment  of,  558 
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Lymphstasis,   relation  of  gummata  to, 

553 
Lymph  vessels  in  cancer  and  melanotic 

sarcoma,  545 

Lynn  Thomas  pressure  forceps,  194 

Macewen*s  acupuncture  treatment 
of  abdominal  aneurysm, 

471 
method  of  using  bone  chips,  697 

osteotome,  method  of  holding,  cut 

showing,  675 
supra-condyloid  osteotomy,  674 
theory  concerning  bone-transplan- 
tation, 693 

Machine  combined  for  weight-and-pul- 
ley  exercises  and  wrist  rol- 
ler, cut  showing,  884 

McBurney's  method  of  reduction  in 
fracture  of  the  neck  with 
dislocation  of  the  head  of 
the  humerus,  'j^i'j 

MacWilliams's  theory  concerning  bone 
transplants,  694 

Malachite   green,   antiseptic   action   of, 

905 
Mal-union      of      fractures,       Colles's, 

causes  of,  787 
operations  for,  722 
Manipulation,    forcible   breaking   down 

of  adhesions  by,  849 
Manson's    hypothesis    concerning    the 
etiology      of      elephantiasis 
Arabum,  539 
Marcellin  Duval's  amputation,  325 
Massage,    after    breaking   down    adhe- 
sions of  joints,  744 
after  tendon  suture,  652 
combined    with    heat    applications, 

882 
deep,  action  of,  883 
during       graduated       contraction 

treatment,  883 
in  the  treatment  of  cicatrices,  pain 
in,  740 
contracture,  Volkmann's.  627 
dislocation   of   acromio-clavic- 
ular  joint,  806 
wrist  and  carpus,  784 
anatomical    neck    of    the 
humerus,  765 
cedema  reduced  by,  864 
pain  relieved  by,  854,  864 

joint  injuries,  735 
post-traumatic    osteo-arthritis, 


Massage:  treatment,  (canf.) 

after   forcible   manipulation. 

pain  relieved  by,  864 
of    wasted    muscle,     of    little 

value      for     redevelopment. 

864 
in  wasting  of  the  quadriceps, 

861 
after  nerve  suture,  %7^ 
not  to  interfere  with  postural 

treatment,  869 
scar  tissue,  751 
sprains,  acute,  845,  883 

of  interphalangeal  joints. 

843 
knee-joint,  chronic,  854 

of  the  stump,  210 
synovitis  in  the  wrist,  782 
light,  description  of,  883 
treatment  by,  881 
Massage   and   exercise   as   therapeutic 
agents,  comparison  of,  881 
mobilization    treatment    of    Pott's 
fracture,     splints    discarded 
during,  865 
Matas*s  endo-aneurysmorrhaphy,  382 
operation     for     aortic     aneurysm. 
470 
Materials,  source  of  wound  infection, 

10 
Mattress    sutures    for   uniting  muscle, 
cut  showing,  624 
tendon  suture,  650 
Maxillary  nerve,  inferior,  see  Inferior 
Maxillary  nerve 
superior,    sec    Superior    maxillary 
nerve 
Measurements,    importance    of,   in  all 
injuries  about  hip-joint,  798 
Meckel's     (spheno-palatine)     ganglion, 
position  of,  585 
removal  of,  585 
Median  nerve,  exposure  of  the.  613 
injur>',     electrial     stimulation    in. 
point  of  application,  875 
postural  treatment  seldom  in- 
dicated in,  871 
prevention  of  deformity  following. 

871 
with     ulnar,     combined,     postural 
treatment  and  prevention  of 
deformity,  871 
surgical  anatomy  of  the,  613 
Medio-tarsal    joint,    disarticulation   at 
the,  Chopart's,  292 
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Mennel  on  the  treatment  of  fractures 

by  massage,  885 
Mennel's  combined  machine  for  weight- 
and-pulley      exercises      and 
wrist    roller,    cut    showing, 
884 
Mercuric  perchloride,  antiseptic  action 
of,  901 
effect  of,  in  fresh  wounds,  6 
use  of,  in  skin  disinfection,  12 
salts,  antiseptic  action  of,  901 
toxicity  of,  901 

perchloride,     in     preparation     for 
operations  upon  recent  frac- 
tures, 717 
Metacarpal,    first,    dislocation    of    the, 

788 
Metacarpo-phalangeal    disarticulations, 
218 
joint  of  the  thumb,  dislocation  of 

the,  788 
joints,    hyper-extension    following 
dorsiflexion  of  hand,  878 
Metal  collars  and  plates  for  the  fixa- 
tion of  fractures,  cut  show- 
ing, 709 
pins  for  the  fixation  of  fractures, 

708 
plates  and  collars,  for  fixation  of 
fractures,  711 
Metatarsalgia,  828 

Metatarso-phalangeal     disarticulations, 
276 
by  a  large  internal  flap,  ^yy 
large  square  internal  flap,  279 
the  racket  incision,  280 
of  the  outer  toes,  281 
Metronou:e,    use    of,    in    making    and 
breaking  secondary  current, 

835 

Metrorrhagia,     persistent,     effects     of 

blood  transfusion  for,  412 
Micro-organism   of  elephantiasis   Ara- 

bum,  539 
Micro-organisms,  pus-producing,  5 
Mid-dorsal  lesions,  treatment  of,  794 
Mikulicz's    operation     (myomectomy), 

in  wry-neck,  643 
Milroy's  disease,  551 
Mobility,  sign  of  fracture  of  spinuous 

process,  792 
Mobilization  and  massage,  treatment  of 

fractures  by,  limitations  and 

dangers,  865 
Moist     steam,     antiseptic     action     of, 

900 

S.  Vol.  I. 


Monk's  experiments  concerning  po- 
tential infectivity  of  the 
air,  8 

Moorhofs  (von  Mosetig)  method  of 
'stopping'  bone  cavities,  690 

'Morale'  assisted  by  training  in  skilled 
occupations,  876 

Morphine, 

disadvantage  in  use  of  before  ad- 
ministration   of    anaesthetic, 

47 
Mortality  in  amputations,  212 

statistics      in      endo-aneurysmor- 

rhaphy,  393 
in  ligature  of  first  part  of  right 
subclavian,  501 
Moss  blood  chart,  398 
Moss  test  of  blood,  398 
Mother  and  child,  after-effects  of  hyos- 
cine-morphine       anaesthesia 
upon,  173 
Motor   points   in    muscles,    importance 
of  knowing  position  of,  for 
stimulation,  875 
Movement  or  Movements: 

in  the  treatment  of  cicatrices,  pain 

in,  740 
active    and    passive    in    the   treat- 
ment of  joints  after  break- 
ing down  adhesions,  744 
and  myositis  ossificans  traumatica, 

involuntary  reflex,  control   of,   by 
fixation,    in    joint    injuries, 

.736 
limitation  of,  in  intra-articular  le- 
sions, 853 
in  joints  after  amputation,  828 
causes  of,  738,  742 
limitation  of,  in  joints  due  to  bony 

obstructions,  744 
passive,  m  the  treatment  of  joint 

injuries,  736 
restriction  of,  rules  for,  736 
voluntary,     in    the    treatment    of 
joint  injuries,  736 
stiff  joints,  742 

treatment  of,  744 
in  sprain  of  ankle-joint,  case 
illustrating,  852 
possible  in  ankylosis  of  the  shoul- 
der, 769 
of  the  stump,  210,  211 
'Multiple  cone'  incision  of  muscle,  625 
Mumps,  diagnosis  of,  from  tuberculous 
glands,  558 
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Murphy's      theory      concerning     bone 

transplantation,  693 
Muscle  or  Muscles  : 

about  the  shoulder- joint,  756 
contractions    of,    in    intact    nerve- 
supply,  831 
when   patient   is   incapable   of 
voluntary  movements,  835 
groups,  cases  in  which  one  mem- 
ber   requires    special    rede- 
velopment, 885 
injuries,    exercises    for   redevelop- 
ment and  types  of  apparatus 
used,  885-896 
graduated     contractions,     ap- 
paratus and  technique,  831- 

835 

recovery   from,   influenced   by 
cause  of,  849 
and    disease,    *active'    and    *reflex' 
wasting     characteristic     of, 

involved  in  all  cases  of  joint 

injuries,  831 
lengthening  by  the  A  incision,  626 
the  'multiple  cone'  incision,  626 

cut  showing,  625 
motor    points    in,    importance    of 

knowing     position     of,     for 

stimulation,  875 
of    the    lower    extremity,     actual 

points   to   be    stimulated   in 

treating   the,    cut    showing, 

840 
of    the    lower    extremity,     motor 

points    for,    the    points    of 

stimulation,  841 
'multiple  cone'  incision  of,  625 
operations  upon,  623 
physiological  contractions,  862 
redevelopment   of,   graduated   con- 
traction in,  841 
necessary  in  the  treatment  of 

stiff  joints,  876 
stimulation  following  joint  sprains, 

^45    .   .     . 
nerve    injuries,    by    electrical 

methods,  874 

exercises,  876 

heat,  876 

massage,  876 

sprains      involving,       types       and 

causes,  842 

treatment     of,     by    graduated 

contraction,  844 

strains  about  the  elbow,  770 


Muscle  or  Muscles:  (cont.) 

stretching  in   fracture  of  the  pa- 
tella, 626 
suture,  623 

relaxation  of  limb  after,  625 
sutures,  cut  showing,  623 
Muscle  tone,  contractions  the  essential 
factor  in  recovery  of,  831 
improvement  of,  by  graduated  con- 
traction, 840 
maintenance  of,   during  convales- 
cence from  fractures,  862 
restoration  of,  gradual,  by  faradic 
stimulation,  831 
more    important    than    strap- 
ping in  joint  sprains,  846 
treatment  of,  the  keynote  of  suc- 
cess in  joint  injuries,  831 
Muscle-wasting: 

'active'  and  'reflex,*  831 
following  acute  sprains,  851 

operation     upon      the     knee- 
joint,  856 
use  of  splints  for  fractures,  862 
important     symptom     of     chronic 
sprain,  855 
post-traumatic    osteo-arthritis, 
graduated    contraction     and 
exercises    in    the    treatment 
of,  854 
of  deltoid,  855 

quadriceps,  857 

case  illustrating,  858 
walking  caliper  splint  in. 
860 
prevention  of  excessive,  by  grad- 
uated contraction,  862,  866 
relaxation  necessary  in,  856 
stretching   and    elongation    of 
muscle    contra-indicated    in, 
856 
treatment  of,  by  faradic  cur- 
rent, 831 
Musculo-cutaneous    nerve,    lesions    of 
the,    postural   treatment   of. 
870 
spiral  nerve,  exposure  of  the,  615 
difficulties  of  the,  617 
surgical  anatomy  of  the,  615 
and    posterior    interosseus    nerves, 
injuries     of     the,     postural 
treatment  of,  872 
Myomectomy     ( Mikulicz's    operation ) . 

in  wry-neck,  643 
Myositis,   fibrous,  in   ischaemic   paraly- 
sis of  the  hand,  752 
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Myositis:  (cont.) 

ossificans  traumatica,  association 
of,  with  dislocation  of  the 
elbow,  776 

Napvus,  lymphatic,  552 
Nail-extension     in     fractures,     Stein- 

mann's,  716 
Nails,  use  of,  for  fixation  of  fractures, 

708 
Nasal  tubes  used  in  operations  on  the 
face   during   nitrous    oxide- 
oxygen       anaesthesia,       cut 
showing,  85 
Narcotic  anaesthesia,  169 

dangers  in,  172 
Nausea    and    vomiting    following    an- 
aesthesia, 69 
treatment  of,  70 
Neck,  arteries  of  the,  ligature  of,  495 

injuries,  fixation  of,  793 
Necrosis,  'quiet,'  sequestrotomy  in,  682 
septic,  traumatic  sequestrotomy  in, 

682 
syphilitic,  sequestrotomy  in,  682 
tuberculous,  sequestrotomy  in,  682 
Needle,  hot,  for  treatment  of  chronic 
strain  about  the  elbow,  cut 
showing,  771 
Needles,  for  spinal  analgesia,  152 

spring-eyed,    used   in    Matas's   op- 
eration     (endo-aneurysmor- 
rhaphy),  388 
Nelaton's  amputation,  304 

line,  demonstration  of,  798 
Nerve  or  Nerves : 

after  treatment  of  peripheral  nerve 

injuries,  868 
anterior   crural,   exposure   of   the, 

620 
auriculo-temporal,      resection      of 

the,  588 
autocable  transplant,  use  of,  cut  il- 
lustrating, 576 
cervical,  fifth,  Ballance's  suture  of 
the,  612 
first    three,   resection    of    the 
posterior   primary   divi- 
sions of  the,  609 
surgical    anatomy    of    the 
posterior   primary   divi- 
sions of  the,  610 
third,  exposure  of  the,  611 
cranial,    and    the    Gasserian    gan- 
glion,  operations   upon    the. 

584  ' 


Nerve  or  Nerves:    (cont.) 

division  of,  treatment  of,  868 
electrical  stimulation,  874 

points  of  application,  875 
facial,  anastomosis  of  the,  607 
with  the  hypoglossal,  608 

spinal     accessory     nerve, 
608 
femoral,  exposure  of  the,  620 
grafting,  578 
hypoglossal,    anastomosis    of    the, 

with  the  facial  nerve,  608 
injuries,   after-treatment   by   phys- 
ico-therapeutical       methods, 
885 
postural,  868 

care   of    muscles   during   pos- 
tural treatment,  869 
dorsiflexion     in     relation     to, 

868,  870 
gradual  correction  of  deform- 
ity following,  877 
joint    stiffness    following    use 

of  splint,  8jo 
massage  and  heat  applications 

in  treatment  of,  876 
massage  and  electricity  not  to 
interfere       with       postural 
treatment,  874 
paralysis    of    limb    following, 
treatment    of,    by    electrical 
stimulation,  874 
exercises,  876 
heat,  876 
massage,  876 

peripheral,    lesions    of,    post- 
operative treatment,  581 
peripheral       dorsiflexion       in, 
872 
after-treatment  of,  868 
nutrition  in  the,  874 
by  physico-therapeut- 

ical  methods,  874 
postural,  868 
gradual  correction  of  con- 
tractures following,  854 
postural  treatment,  868,  869 
muscle-wasting  following, 

stretching  and  elongation  to 
be  prevented,  856 
irritation,   influence   of,   on   shock, 

184 
lingual,  resection  of  the,  588 
median,  exposure  of  the,  613 

injury   of,   postural   treatment 
seldom  indicated  in,  871 
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Nerve  or  Nerves:    (cont.) 

musculo-cutaneous,  lesions  of,  pos- 
tural treatment  of,  870 
musculo-spiral,    exposure    of    the, 

615 

and  posterior   interosseus,   in- 
jury of  the,  postural  treat- 
ment of,  872 
occipital,  greater,  exposure  of  the, 

611 
of  the  extremities,  operations  upon 

the,  613 
operations  upon,  563,  584 
peripheral,    lesions   of,   post-opera- 
tive treatment,  581 
peroneal,     common,     exposure     of 

the,  620 
plastic  operations  upon,  563 
points  for  stimulation  of,  by  elec- 
trical methods,  875 
popliteal,     external,     exposure     of 
the,  620 
lesions  of  the,  postural  treat- 
ment of,  872 
internal,  exposure  of  the,  620 
removal    of    the    Gasserian    gan- 
glion, 589 
sciatic,  great,  division  of,  570 
exposure  of  the,  618 
suture  of,  573 
spinal    accessory,    anastomosis    of 
the,   with  the   facial   nerve, 
608 
division  of  the,  in  spasmodic 

wry-neck,  644 
exposure  of  the,  609,  644 
sub-occipital,  exposure  of  the,  611 
superior    maxillary,     resection    of 

the,  585 
supply    both    joints    and    muscles 

controlling  it,  831 
supra-orbital,  exposure  of  the,  584 

surgical  anatomy  of  the,  584 
suture  of,  567 

end-to-end,  567,  574 

postural    treatment    following, 

868 
primary,  567 

cut  showing,  568 
secondary,  569 

cuts  showing,  570,  571 
suturing,  technique  of,  568 
tibial,  exposure  of  the,  620 
ulnar,  exposure  of  the,  614 

lesion   of    the    postural    treat- 
ment of,  870 


Nerve-bridging,  575 

autotransplants,  576 

by  catgut,  575 

by  the  combined  method,  578 

protective  tubes,  579 

heterotransplants,  576 
Nerve-graft,  preparation  of,  576 
Nerve-grafting  (implantation),  578 
Nerve-transplantation,   autoplastic,  575 

methods  of,  576 
Neuralgia,  persistent,  resection  of  the 
inferior    dental    nerve    for, 

587 

trigeminal,     exposure     of     supra- 
orbital nerve  in,  584 
removal  of  the  Gasserian  gan- 
glion for,  589 
resection  of  the  inferior  max- 
illary nerve  for,  587 
Neurolysis,  563 

cut  showing,  564 
Neurorrhaphy,  567 

cuts  showing,  568,  570,  571 
Neurotic  stiflfness  of  joints,  746 
Nitrous  oxide  and  oxygen,  administra- 
tion of,  as  anaesthetic,  75 
advantages  of,  75 
after  effects  of,  69 
apparatus  used,  cuts  showing,  80, 

81 
dangers  and  prevention  of,  78 
dosage  of,  76 
general  principles  for,  75 
indications   and    contra-indications 

for  use  of,  82 
pre-medication   in   the   administra- 
tion of,  75 
special    operations,    technique    for, 
80 
abdomen,  80 
abscess  of  lung,  83 
empyema,  83 
extremities,  83 
face,  84 
hand,  84 
neck,  84 

obstetrical  operations,  91 
ophthalmic     and     obstructive 
goiters,  89 
steps  in  adjustment  of  face  mask, 

76 

special    types   of   cases,   technique 

for,  91 
rse  of,  in  breaking  down  adhesions, 

852 
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Novocaine  hydrochloride  (procaine), 
use  of,  as  analgesic,  loi 

Nutrition,  in  the  after-treatment  of 
peripheral     nerve     injuries, 

874 
Nutritional    treatment   of  paralysis   of 
muscles,  874 

Oblique  racket  incision,  see  Racket 
incision,  oblique 

Obliteration  of  a  cavity  in  the  shaft  of 

the  tibia,  cut  showing,  689 
Occipital  artery,  ligature  of,  524 
Occupations,  skilled,  value  of  training 

in,  876 
(Edema      in    association     with     acute 
sprains,     reduction     of     by 
massage,  845 
lymphatic,    of   the   arm   in   breast 
cancer,  546 
treatment,  546 
lower  limb,  elephantiasis,  arabum, 

539 

treatment,  560 

in  fractures  banished  by  massage, 

86s 
relief  of,  a  factor  in  the  ideal  treat- 
ment of  fractures,  866 
semi-solid,    massage    in    the   treat- 
ment of,  883 
solid,  dating  from  early  life,  551 
due   to  chronic   renal   disease, 

552 
syphilis,  552 
following  septic  wounds,  551 
Olecranon    process,    fracture    of    the, 

treatment  of,  yy2 
Ollier's  operation  for  implantation,  in 
bone-transplantation,  697 
of  pars  glissement,  in  bone-trans- 
plantation, 697 
pars  renversement,  in  bone-trans- 
plantation, 697 
Open  ether  anaesthesia,  49 
advantages  of,  52 
technique  in  administering,  50 
semi  open  ether,  50 
Open  osteotomy,  674 
Operating  costumes,  sterilization  of,  14 
Operating  staff,  organization  of,  21 
table,  description  of,  20 
theatre,  care  of,  20 
design  of,  18 
fittings  of,  20 
furniture  of,  20 
heating  of,  10,  19 


Operating  theatre:  (cont.) 
lighting  of,  19 
requirements  of,  18 
spectators    in,    accommodation 

of,  20 
ventilation  of,  10 
Operation  or  Operations: 

Abbe's    for    abdominal    aneurysm, 

470 
Albee,   sliding  graft   in   fractures, 

713 

Astley  Cooper's  for  extra-perito- 
neal ligature  of  the  external 
iliac  artery,  456 

Berger's  interscapulo-thoracic  am- 
putation, 183,  270 

Brade's  transplantation  of  perios- 
teal flaps,  698 

Brewer's  transplantation  of  dead 
bone,  698 

Bunge's  aperiosteal  method  in 
amputations,  189 

Burghard's  for  the  removal  of  the 
Gasserian  ganglion,  591 
obliteration      of   aseptic   bone 
cavities,  692 

Garden's,  352 

Ghopart's  amputation,  292 

Godivilla's  transplantation  of  per- 
iosteal flaps,  698 

Grile  and  Garrel's  for  direct  blood 
transfusion,  407 

Grouch's  transplantation  of  dead 
bone,  698 

Gushing's  for  the  removal  of  the 
Gasserian  ganglion,  590 
modified,    for   the   removal   of 
the  Gasserian  ganglion,  591 

Dawbarn's  for  autoplastic  tendon- 
grafting,  656 

De  Gouvea's  transplantation  of  the 
fibula,  698 

Dorrance's  for  end-to-end  union 
of  artery,  381 

Doyen's  for  removal  of  Gasserian 
ganglion,  603 

Duval's     (Marcellin)     amputation, 

325 
Farabeuf's  at  the  'seat  of  election,' 

.  338 

Frazier's,  605 
Furneaux  Jordan's,  366 
Gordon  Watson's  amputation,  317 
Hahn's,   for  transplantation  of  at- 
tached bone  grafts,  697 
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Operation  or  Operations:  (cont.) 

Hartley-Krause  for  removal  of  the 

Gasserian  ganglion,  600 
Key's,  329 
Hibbs's     for     tendon-lengthening, 

654 
Hoglund,     sliding     intramedullary 

splint  in  fractures,  714 

Horsley's  (Sir  Victor)  for  re- 
moval of  the  Gasserian 
ganglion,  590 

Huntington's  for  transplantation 
of  attached  bone  grafts,  697 

Kanaval's   for   tendon    reconstruc- 
tion, 658 
suture,  650 
wry-neck,  643 

Kennedy's  (Robert)  for  wry-neck, 
644 

Kocher's  for  flap  formation,  198 
resection  of  the  superior  max- 
illary nerve,   586 

Kiittner's  transplantation  of  dead 
bone,  698 

Lee's,  331 

Le  Fort's,  316 

Lewisohn's  for  blood  transfusion, 
408 

Lexer's  transplantation  of  knee- 
joint,  698 

Lisfranc's,  283 

Lister's,  331 

modification  of  Garden's,  350 

Macewen*s  supra-condyloid  osteot- 
omy, 674 

Matas's  for  cure  of  aneurysm,  382 

Mikulicz's  (myomectomy)  in  wry- 
neck, 643 

Moorhof's  for  'stopping'  bone  cavi- 
ties, 690 

Nelaton's,  304 

Ollier's  for  implantation,  in  bone- 
transplantation,  697 
pars     gitssement,      in      bone- 
transplantation,  697 
pars    rcnversement,    in    bone- 
transplantation,  697 

Percy's  for  blood  transfusion,  403 

Pirogoff's,  313 

Rogers-Kondoleon  for  elephan- 
tiasis, 540 

Rose's  for  removal  of  the  Gasser- 
ian ganglion,  590 

Rovsing's  transplantation  of  fib- 
ula with  its  articular  end, 
698 


Operation  or  Operations:  {cont.) 
Skey's  amputation,  283 
Spence's     disarticulation      at      the 

shoulder-joint,   265 
Spiller-Frazier's,  605 
Steinmann's,  716 
Stephen  Smith's,  342 
Stokes-Gritti's,  352 
Syme's,  306 
Talma-Morison,  549 
Teale's,  329 
Trendelenburg's        for        varicose 

veins,  531 
Tripier's,  295 
Victor   Horsley's    for    removal    of 

the  Gasserian  ganglion,  590 
Walther,    transplantation     of     the 

fibula,  698 
Watson's      (Gordon      amputation, 

317 
Wynter's,  550 

Operations,     aseptic,     principles      and 

technique  of,  3 

at  the  *seat  of  election,*  Farabeuf's, 

338 
blood  transfusion,  397,  407 

bone  grafting,  695 

in  fractures,  712 

transplantation,  693 
bursitis,  subacromial,  668 
coxa  vara,  673 
disarticulation,  177 
disinfection  of  skin  preparatory  to, 

II 
excision  of  tendon  sheath,  666 

varices,  531 

wounds,  28 
exposure    of    the    internal     semi- 
lunar cartilafe,  811 
ligature  of  arteries,  4I4 
mal-union  of  fractures,  722 
metatarsal gia,  828 
minor,    nitrous    oxide-oxygen    an- 
aesthesia in,  79 
plastic,  upon  bone  cavities,  688 

aneurysm,  382 

nerves,  563 

veins,  527 

aortic,  469 
orbital,  516 
varicose,  396 
question  of  rapidity  of,  7 
wounds,  bacteriology  of,  5 

suppuration  ifi,  causes  of,  6 

for  amputatioti,  177 

aneurysmal  v^rix,  395 
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Operations:   (cont.) 

muscle  lengthening,  626 
suture,  623 
for    non-tuberculous   affections   of 
bones,  673 
obliteration  of  aseptic  cavities 
in  bone,  691 
septic  cavities  in  bone,  687 
osteomyelitis  and  its  sequelae, 

681 
tendon  grafting,  660 
lengthening,  653 
shortening,  659 
suture,  647 
transplantation,  660 
teno-synovitis,         tuberculous, 

666 
tenotomy,  629 
ununited  fractures,  719 
varicose  aneurysm,  396 
wry-neck,  640 
upon  arteries,  377 

bone  cavities,  plastic,  688 
bones,  for  non-tuberculous  af- 
fections of  the,  673 
bursae,  668 
elbow,  240 
fractures,  699 

recent  compound,  717 
technique,   703 
simple,  700 
of  long  standing,  719 
time  for,  703 
hammer-toes,  828 
hip,  362 

infected  cases,  27 
lymphatics,   537 
muscles,  623 
muscles,        tendons,        tendon 

sheaths,  and  bursae,  621 
nerves,  563 

cranial,    and    the    Gasse- 

rian  ganglion,  584 
of  the  extremities,  613 
plastic,  563 
olecranon  process,  fracture  of, 

772 
tendons,  629 

tendon  sheaths  and  bursae,  666 
veins,  plastic,  527 
varicose,  529 
venesection,  533 
Osteo-arthritis,  post-traumatic,  forcible 

manipulation    of    deformity 

due  to,  854 


Osteo-arthritis:   (cont,) 

of  vertebral  joints,  cause  of  stiff 
back,  795,  796 
Osteomyelitis,    acute    infective,    after- 
treatment  of,  682 
operation  for,  681 
sequestrum      resulting      from 
sequestrotomy  in,  682 
and  its  sequelae,  operations  for,  681 
Osteoplastic  flap  reflected,  cut  showing, 

603 
Osteotome,      Macewen's,     method     of 

holding,  cut  showing,  675 
Osteotomy,  673 

indications,  673 
operation,  673 

cuneiform,  674 
linear,  674 
open,  674 
subcutaneous,  673 
of  the  femur,  sub-trochanteric,  679 
indications,  679 
operation,  680 
tibia,  677 

after-treatment,   679 
indications,  677 
operation,  677 
supra-condyloid,  Macew^en*s,  674 
after-treatment,  676 
difficulties     and     dangers     of, 

676 
results  of,  677 
Owen  Thomas,  see  Thomas  (Owen) 
Oxygen,  antiseptic  action  of,  905 

Pack's  aneurysm  of  the  thyreoid 
axis  (case),  501 

Pagenstecher's  linen  as  a  skin  suture, 

16 
Pain  an  aid  to  diagnosis  and  treatment 
in  joint  injury,  738 
avoidance  of,  by  relaxation  of  pa- 
tient, 840 
treatment  of  muscles  in  joint 
sprains,  844 
contrast  baths  for,  740 
diagnostic    points   of,    about   knee, 

807 
in   cicatrices,   explanation   of,    740 

treatment  of.  740 
contracture      (\'olkmann's),     evi- 
dence of  traumatic  myositis, 
627 
contusion  of  joint  cartilage,  char- 
acteristics of,  739 
flat-foot,  824 
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Pain:   (cont.) 

in  fractures,  relieved  by  massage, 
865 
relief  of,  a  factor  in  the  ideal 

treatment,  866 
by   removal  of  the  Gasserian 

fanglion,  605 
fracture  of  spinous  proc- 
ess, 792 
relief  of,   by   application  of  heat, 
876,  882 
in     hyoscine-morphine     anaes- 
thesia, 169 
following  acute  sprains,  844 
in  synovitis  of  knee-joint,  857 
massage     the     main     therapeutic 

agency,  854,  883 
persistent,     a     sequela     of     acute 

sprains,  842 
intra-articular  lesions,  853 
Paralyses   associated   with   injuries   of 

the  spinal  column,  796 
Paralysis,    facial,    anastcmosis    of   the 
facial  nerve  for,  607 
nerve-grafting  in,  577 
infantile,        tendon-transplantation 

and  tendon-grafting  in,  661 
ischaemic,  of  the  hand,  879 ;  see  also 
Ischaemic    paralysis    of    the 
hand 
correction  of  deformity  of,  by 
splints,  878 
muscles   following  nerve   injuries, 

treatment  of,  874 
of    the    external    popliteal    nerve, 

treatment  of,  872 
temporary,    of    the    sterno-mastoid 
muscle,  in  the  treatment  of 
acute  spasm,  646 
tendon-shortening  in,  659 
Volkmann's       ischaemic,       gradual 

stretching  in,  854 
and  contracture  of  the   hand   fol- 
lowing   brachial    plexus    in- 
jury, case  illustrating,  877 
treatment    of,    cuts    showing, 
878,  879 
Paravertebral      anaesthesia,     technique 

for,  135 
Parham's    band    for   fixation    of    frac- 
tures, 711 
Parkhill's   clamp   for  fixation  of  frac- 
tures, 712 
Passive  movements,  cases  in  which  for- 
bidden, 845 
Patella,  fractures  of  the,  815 


Patella:  fractures  of,  (cont) 

compound,  816 

prognosis,  815 

treatment,  815 
Patient,     position     during     treatment, 
by     graduated     contraction, 
834,  836,  838,  840 

quadriceps  in  relation  to,  815 

source  of  wound  infection,  9 
Pegs,   bone,   for  fixation  of  fractures, 

715 
bone  or  ivory,  for  fixation  of  frac- 
tures, 708 
Pelvis,  anaesthesia  for  work  on  the,  168 

arteries  of  the,  ligature  of,  454 
Percy's   method  of  blood   transfusion, 

403 
Periosteal  flaps,  transplantation  of.  698 

Peripheral  nerve  injuries,  see  Nerve  in- 
juries 
lesions,  post-operative  treatment  of, 

581 

Permanganate     of    potash,     antiseptic 

action  of,  905 
Peroneal  nerve,  common,  exposure  of 
the,  620 
stimulation  of,  840 
Peronei,   point   of   stimulation   of,   cut 
showing,  838 
tendons,  division  of  the,  637 
Peroxide  of  hydrogen,  antiseptic  action 

of,  905 
Peters's     bone-forceps,     cut     showing, 

70s 
Petri  dishes,  use  of,  in  experiments  con- 
cerning potential  infectivity 

of  the  air,  8 
Phalanges,  amputation  through,  214 
fracture  sprains,  nature  of  injury 

not  always  recognized,  843 
See  also  Inter  phalangeal  joints 
Phalanx,    fracture    of    small    flake    of, 

accidents  in  which  it  occurs, 

844 
Phemister's     experimental     work     on 

bone  regeneration,  693 
investigations      concerning      bone 

chips,  697 
Phenol,  germicidal  power  of,  900 
Phthalein  test  for  alkalinity  of,  Dakin  s 

solution,  936 
Physico-theropeutical    methods    in   the 

after-treatment  of  peripheral 

nerve  injuries,  860 
Picric  acid,  antiseptic  action  of,  902 
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Pins,  metal,   for  the  fixation  of  frac- 
tures, 708 
Wyeth's,  195 
Pirogoff's  amputation,  313 
Plaster    hand-splint,    case    illustrating 

use  of,  878,  879 
Plastic  operations  upon  bone  cavities, 
688 
nerves,  563 
veins,  527 
Plate,  bone-,  Lane's,  for  fractures,  cut 
showing,  709 
staple-,    for    fractures,    cut    show- 
ing, 712 
Plates  and  collars,  metal,   for  fixation 
of  fractures,  711 
cut  showing,  709 

and  screws,  Lane's,  for  fractures, 
cut  showing,  710 
'Plenum'  system  of  ventilation,  10 
Plexus,  brachial,  in  the  neck  (cervical 
rib),  exposure  of  the,  611 
posterior     cervical,    cut    showing, 
610 
Popliteal  artery,  ligature  of,  436 
from  back  of  the  leg,  440 
inner  aspect  of  thigh,  437 
in    lower    part    of     popliteal 

space,  441 
upper  part  of  popliteal  space, 
440 
surgical  anatomy,  436 
nerve,  external,  electrical  stimula- 
tion,   point    of    application, 

875 

exposure  of  the,  620 

lesions  of  the,  postural  treat- 
ment of,  872 

internal,  exposure  of  the,  620 
Posterior  primary  divisions  of  the  first 
three    cervical    nerves,    re- 
section of  the,  609 
tibial  artery,  ligature  of  the,  432 

behind  the  inner  ankle,  435 

in  the  lower  third  of  the  leg, 

434 
the   middle   third  of   the   leg, 

433 
surgical  anatomy,  432 

Post-operative  sepsis,  23 

Posture,    treatment    of    nerve    injuries 
by,  868 

Potassium  permanganate,  antiseptic  ac- 
tion of,  905 
chromate,  antiseptic  action  of,  905 


Pott's  fracture,  819 

after-treatment,  820 
cut  showing,  819 
common  complications,  820 

cut  showing,  821 
diagnosis,  819 
mechanism  of,  819 
treatment,  819 

showing  position  of  pads  to  restore 

curve  of  fibula  and  balance 

of  ankle,  cut  showing.  820 

Pressure  bandage  in  the  treatment  of 

acute   sprains,  845 

elastic,   in  the  treatment  of  joint 

injuries,  734 
forceps,  Lynn  Thomas's,  194 
tendon  suture,  647 
Probing  for  bullet  in  spinal  column  in- 
juries of  far  less  value  than 
X-ray  photograph,  797 
Procaine,  as  local  anaesthetic,  loi,  103 
for  conduction  anaesthesia,  106 
infiltration  method,  106 
method  of  injection,  106 
nerve  blocking  method,  106 
preparation  of  the  solution,  103 
Protargol,  antiseptic  action  of,  905 
Pudic  artery,  internal,  anatomy  of,  467 

ligature  of,  467 
Puerperal  "white  leg,"  551 
Puncture    for    spinal     analgesia,    high, 
lateral  position  for,  148 
in  low  operations,  146 
position  of  patient  after,  149 
technique  of,  157 
Pus-producing  micro-organisms,  5 

Quadriceps  extensor  femoris,   ex- 
ercise of  the,  887 

point  of  stimulation  of  the.  837 
position  for  stimulating,  cut  show- 
ing, 836 
relation  of,  to  patella,  815 
stimulation   of,   with   extension   of 

the  leg,  cut  showing,  838 
wasting  of,  856 

attacks  of  synovitis  following, 

857 

avoidance  of  pain  in  stimula- 
tion, 840 

chronic  synovitis  of  knee  with, 
cut  showing.  858 

Faradic  stimulation,  effects  of, 

831 

graduated  contraction  treat- 
ment, 836 
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Quadriceps:  wasting  of.  (cont.) 

internal    lateral    ligament    in 

relation  to,  836 
following  severe  knee  injury, 

837. 

operative     and     non-operative 

measures,  861 
walking  caliper  splint  in,  cuts 

showing,  860 
Quinine,  antiseptic  action  of,  911 

Racket  incision,  amputation  by,  305 

modified,  amputation  by,  268 
amputation    of    great    toe    bv, 

280 
circular,  220 
oblique,  221 

in  amputation  of  thumb,  227 
method    in    disarticulation    at    the 

hip,  370 
Radial  artery,  ligature  of,  474 

in   the   'anatomical   snufF-box,' 

479 

middle  third  of  forearm,  478 

lower  third  of  forearm,  478 
upper  third  of  forearm,  476 
surgical  anatomy  of,  474 
Radiographic     examination     of     acute 

sprains,  the  ideal.  842 
Radiograms,  use  of,  in  the  diagnosis  of 
fractures,  700,  701,  702 
ununited,  719 
in  setting  multiple  fractures,  702 
Radius,  head  of  the,  dislocations  of  the, 

779 
fracture  of  the,  776 

Radius,  see  also  CoUes's,  fracture 

fractures     frequently     treated     as 

simple  sprains,  843 
neck  of  the,  fracture  of  the,  776 
posterior  part  of  the  lower  end  of 

the,  fracture  of  the,  784 
and  ulna,  comminuted  fracture  of 
lower    end,    involvement    of 
joint  surfaces,  cuts  showing, 
863 
Rectal  anaesthesia,  58 

ether  oil  colonic,  58 
Reduction  of,  dislocations  of  the  astra- 
galus, 822 
hip,  anterior,  800 
posterior,  799 

ancient   method,   799 
first  metacarpal,  788 
metacarpo-phalangeal  joint  of 
the  thumb,  788 


Reduction  of:  (cant.) 

shoulder,  anterior,  758 

forward  with   fracture  of 

the  glenoid,  761 
with      fracture      of      the 
greater     tuberosity     of 
the   humerus,  762 
backward,  761 
luxatio  erecta  of  the  shoulder,  760 
dislocations  of  the  sterno-clavicu- 
lar  joint,  754 
and  fracture  of  the  bodies  of 
the  vertebrae,  793 
displacement    of    semilunar    carti- 
lages, 809 
fracture  of  the  astragalus,  822 
Barton's,  784 
cervical  vertebrae,  793 
Colles's,  784 

mal-united,  787 
about  the  elbow-joint,  j/i 
of  the  condyles  involving  the 

elbow- joint.  774 
neck   with  dislocations  of  the 

head  of  the  humerus.  767 
greater      tuberosity      of      the 

humerus,  762 
neck  of  the  scapula.  763 
of  Pott's  fracture,  819 
in  cl])ow- joint  sprains.  849 
•Record'   syringe    for   spinal   analgesia. 

Recruits,  flat-foot  in.  825 
hallus  valgas  in,  82^ 
rigidus  in,  826 
Rectal  anjesthesia,  58 

Gwathmcy   (J.  T.)   method,  ether- 
oil  colonic,  59 
Reflex    syncope    in    chloroform    anaes- 
thesia. 40 
wasting,     nature     and     character- 
istics, 40 
Regional  analgesia,  for  goiter,  89 
history  of,  97 

for  removal  of  finger  or  toe,  146 

Relaxation    of    muscle    after    muscle 

suture,  625 

necessary  in  marked  wasting, 

856 

importance   of,   in   breaking  do\\Ti 

adhesions.  851 
in     the    treatment     of    peripheral 
nerve  injuries.  868 
Renal  disease,  chronic,  solid  oedema  due 

to,  552 
Repair  of  tissues,  process  of,  748 
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Resection     of     the     auriculo-temporal 
nerve,  588 
inferior  dental  nerve,  587 
lingual  nerve,  588 
posterior  primary  divisions  of  the 
first   three   cervical    nerves, 
609 
superior  maxillary  nerve,  585 
varices,  531 
wounds,  28 
Resistance,  tissue-,  factors  influencing, 
6 
to  infection,  6,  9 
Respiration,    artificial,    in    chloroform 
syncope,  66 
during  general  anaesthesia,  61 
Sylvester  method,  67 
Rest  in  the  treatment  of  knee-joint  in- 
juries, results  of,  859 
injuries  to  the  spinal  column, 
792 
in  relation  to  treatment  of  sprains, 

84s 
in  the  treatment  of  synovitis,  859 
Retractor     in      use      for      amputation 

through  the  leg,  336 
Retractors,  application  of,  in  amputa- 
tions, 204 
'Rheumatism*  of  the  feet,  usually  a  mis- 
nomer, 825 
due  to  mechanical  strain,  825 
Rickets,  osteotomy  in,  673 
Rider's  sprain, 

strain,     action     of     the     adductor 

longus,  846 
graduated  contraction  in  the  treat- 
ment   of,    case    illustrating, 

847 

Robb*s  (Hunter)  experiments  concern- 
ing effects  of  chemical 
germicides,  10 

Roentgenogram  of  neck  of  femur 
showing  bone  transplant  in 
position,  716 

Rogers-Kondoleon    operation    for    ele- 
phantiasis, 540 
cuts  illustrating,  541,  543,  544,  545 

Roller,  wrist,  890 

cut  showing,  889 
for  exercising  fingers  and  wrists, 
889,  891,  892 

Rose's  method  for  the  removal  of  the 
Gasserian  ganglion,  590 

Rovsing's  transplantation  of  the 
shaft  with  its  articular  end, 
698 


Rotation,  importance  of,  in  the  treat- 
ment    of     chronic     sprains, 

851 

Rouxs'  operation,  305 

Rugines,  Farabeuf's,  cut  showing,  685 

Sac,    obliteration    of,    in   endo-an- 

eurysmorrhaphy,  386 
Sacral  anaesthesia,  136,  167 

technique  of,  168 
Salt   solution,   physiological,   effect   of, 

914 
Salvarsan,  antiseptic  action  of,  911 
Sandbag,  employment  of,  in  electrical 

treatment,  836 
Sarcoma,    lympho-,    sec    Lympho-sar- 
coma 
melanotic,  lymph  vessels  in,  545 
myeloid,  of  bone,  treatment  of,  178 
of  the  femur,  disarticulation  at  the 

hip- joint   for,  362 
primary,  of  the  lymph  glands,  557 
Sarcomatous      glands,      diagnosis      of, 
from    tuberculous    adenitis, 

558 

Sargent,  Percy,  on  The  Principles  and 
Technique  of  Aseptic  Sur- 
gery, 3 

Sargent,  see  also  Dudgeon  and  Sargent 

Sartorius,  stimulation  of  the,  839 

Saw,  key-hole,  for  bone,  721 
tenon,  for  amputations,  204 

Scapula,   fracture  of  the  neck  of  the, 

763 

Scapular  muscles,  position  of  electrode 

in  treatment,  841 
Scar,  see  also  Cicatrix 

tissue  about  joints,  contraction  of, 
748 
treatment  of,  749 
complicating  nerve  injuries,  868 
contracture  of,  gradual  correction 
of,  854 
excessive     granulations,     749, 

in    healing    of    wounds    associated 
with     fracture,    control    of, 

750. 

in  ischaemic  paralysis,  751 

ionization  useful   in  loosening  ad- 
herent, 882 

pain  in,  742 

rules  for  stretching,  750 

stages  of  formation,  748 
Scarlet  fever,  development  of,  after  op- 
erations, 26 
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Scarpa's  triangle,  ligature  of  the 
femoral  artery  at  the  apex 
of,  448 
Schenk  and  Lichtenstern*s  experi- 
ments concerning  the  steril- 
ity of  'aseptic'  wounds,  4 
Schoemaker's      artery      forceps,      cut 

showing,  596 
Sciatic  artery,  anatomy  of,  466 
ligature  of,  466 

nerve,  great,  exposure  of  the,  618 
surgical  anatomy  of  the,  618 
Sciatica,    stretching   the    great    sciatic 

nerve  in,  618 
Scoliosis,  position  of  rest  for,  792 
Scopolamine-morphine  anaesthesia,   171 
Screw  extension  apparatus,  use  of,  in 
flexion  deformity  of  elbow- 
joint,  854 
Screws,  use  of,  for  union  of  fractures, 

707 
Screws   and   plates,   Lane's,    for    frac- 
tures, cut  showing,  710 
*Seat  of  election,'  320 

amputation  at  the,  333 

by  circular  incision,  334 
equal  lateral  skin  flaps,  336 
a   large   external   flap    (Fara- 
beuTs  method),  338 
Secondary  tendon  suture,  652 
Semilunar  cartilages,  injuries,  808 
Semimembranosus  tendon,   division   of 

the,  639 
Semitendinosus  tendon,  division  of  the, 

639 

Sensation,  loss  of,  after  removal  of  the 

Gasserian  ganglion,  605 
Sepsis,   a   complication   of   removal   of 
the  Gasserian  ganglion,  600 
blood  transfusion  in,  412 
in  amputations,  185 
nerve  suture  not  to  be  attempted 

during,  870 
post-operative,  23 
Septic  cases,  isolation  of,  21 
solid  oedema  following,  551 
wounds,  27 
Septic  lymphadenitis,  553 
Septicaemias,    bacterial,    treatment    of, 

553 
Sequestrotomy,  682 

after  acute  osteomyelitis,  in  recent 
cases,  683 
in  long-standing  casec,  686 
results,  683,  685 


Sequestrotomy:  (cont.) 
indications,  682 
in  syphilitic  necrosis,  691 
Sequestrum  due  to  acute  osteomyelitis, 
removal  of.  683 
syphilitic    or    'quiet'    necrosis,    re- 
moval of,  691 
Sera,  infection  treated  by,  25 
Severe  infections  of  wounds,  25 
Shaft  with  its  articular  end,  transplan- 
tation of,  698 
Shock  in  amputations,  182 

in   the   removal  of  the   Gasserian 

ganglion,  591,  599.  600 
spinal  analgesia  a  means  of  com- 
bating, 184 
influence    of    nerve    irritation   on, 

184 
intra-venous  infusion  for,  536 
Shoulder-joint,  ankylosis  of  the,  treat- 
ment of,  768 
apparatus  for  exercising,  cut  show- 
ing, 886 
disarticulation  at  the,  263 

by  the  modified  racket  method, 

268 
Spence's  method,  256 
dislocation  of  the,  757 

after-treatment  of,  761 
anterior,  simple,  758 
reduction  of,  758 
backward,  760 

diagnosis   of,  761 
treatment  of,  761 
complications,  761,  768 
diagnosis  of,  757 
fractures  involving,  761 
glenoid,  761 
greater  tuberosity,  762 
humerus,  neck  of,  763 
scapula,  neck  of,  763 
injuries,   'climbing  the  wall'  exer- 
cise for,  888 
muscle  wasting  in,  855 
wasting   of   deltoid    follow^ing. 

855 

ligaments  of  the,  756 
limitation  of  movement  or  weak- 
ness   of    the,    exercise    for. 
885 
luxatio  erecta  of  the,  reduction  of, 

760 
muscles  about  the,  756 

distorting  effect  of,  756 
rule  for  safety,  757 
stiff,  after  dislocation  or   fracture 
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Shoulder:  stifif,  (cont,) 

of    the   humerus,    treatment 
of,  768,  886 
breaking    down   of    adhesions 

of,  743 
due  to  contusion  of  joint  car- 
tilage, 739 
Shoulder- joint,    strength    and    security 

of,  on  what  dependent,  831 
Shrapnel   wounds   of  axillary   muscles 
associated      with      fracture, 
arm  abducted  in,  750 
of  flexure  of  elbow,  associated 
with     fracture,     elbow     ex- 
tended in,  750 
Silbermark's   hot-air   blast    for   drying 
bone  cavities,  690 
method  of  drying  bone  cavities  be- 
fore  'stopping,'   690 
Silk,  preparation  of,   for  suture  mate- 
rial, 16 
sterilization  of,  15,  16 
use  of,  in  suturing  fractures,  706 
Silkworm-gut,  sterilization  of,  15,  16 

use  of,  in  suturing  fractures,  706 
Silver  nitrate,  antiseptic  action  of,  905 
Skey's  amputation,  283 
Skiagram   in   the   diagnosis   of  elbow- 
joint  sprains,  853 
importance    of,    in    diagnosis    of 
sprains    of    interphalangeal 
joints,  843 
of  the  fibula  without  displacement, 

847 
of  fracture  of  fibula,  oblique,  848 
Skiagrams  showing, 

comminuted  fracture  of  lower  end 
of  radius  and  ulna — involve- 
ment of  joint  surfaces,  863, 
864,  865 
Skin,  disinfection  of,  preparatory  to  op- 
eration, 11-14 
'faradic  effect*  on,  833 
preparation  of,  for  operation,  11-14 
prevention  of  infection  by,  11 
source  of  wound  infection,  9 
Skin-grafting    in    the    obliteration    of 

bone  cavities,  689 
Skull,   operations,   guarded   chisel    for, 

cut  showing,  601 
Smith's     (Stephen)     disarticulation    at 

the  knee-joint,  342 
*Snuff-box/     anatomical,     ligature     of 

radial  artery  in,  479 
Sodium  citrate,  use  of,  in  blood  trans- 
fusion, 407 


Sodium  hypochlorite,  concentration  of, 
in  Dakins'  solution,  937 
germicidal  action  of,  929 
salicylate  in  the  treatment  of  in- 
terphalangeal sprains,  843 
Soldiers  suffering  from  nerve  injuries, 
exercises    in    the    treatment 
of,  876 

Soleus,  torn  fibres  of,  calf  sprain  fre- 
quently due  to,  842 
Solid  oedema,  sec  (Edema  solid 
Spasmodic  wry-neck,  644 
Specific  infections  of  wounds,  26 
Spectators  in  operating  theatre,  accom- 
modation of,  20 
Spence's  disarticulation  at  the  shoulder- 
joint,  265 
Spiller-Frazier's   avulsion  of  the   sen- 
sory root  of  the  Gasserian 
ganglion,  605 
Spinal  accessory  nerve,  anastomosis  of 
the,   with   the   facial   nerve, 
608 
division  of  the,  in  spasmodic  wry- 
neck, 644 
exposure  of  the,  609,  644 
Spinal  anaesthesia,  139 

advantages  in  use  of,  145 
analgesia,  determination  of,  159 
a  means  of  combating  shock  in  am- 
putation,  184 
apparatus  required  for,  151 

for  determinating  the  specific 
gravity     of     cerebro-spinal 
fluid  (Babcock),  141 
contra-indications   to   use   of,    144, 

147 
danger  signals  in,   161 

direction   for  inserting  the  needle 
in  the  various  regions  of  the 
spine,   cut   showing,    156 
dosage,  151 

drugs  used  to  produce,  139 
failure  to  obtain,  reasons,  160 
formulae  of  solutions  used  in,   150 
general  directions  for  the  care  of 

patients,  165 
high  spinal,  147 

injection  for,  amount  of,   150,  151 
early  difficulties  attending,  157 
sequence  of  events  after,  164 
site  of,   151,   158 
technique  of,  153 

cuts  showing,  157,  158 
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Spinal  anaesthesia  (cont.) 

instruments  for  use  in,  cut  show- 
ing,  152,.  153 
interspaces,    spinous,    location    of 

the,  cut  showing,  154 
intradural,  139,  145 
introduction    of    the    needle,    cut 

showing,    157,    158 
lateral   position    for    puncture    for 

high  analgesia,  148 
localization  of  injection  in,  151 

of  the  spinous  processes,  154 
Luer  syringe  used  for,  151 
lumbar,  general  considerations,  139 

puncture  for,   151 
mortality  following,  166 
narcotic,  169 

alcohol-apomor ph  ine,  1 70 
scopolamine-morphine,    171 
dangers  in  use  of,   172 
resuscitation,  172 
needle,  direction  for  inserting  the, 
in    various    regions    of    the 
spine,   cut  showing,   156 
needles  for  use  in,  152,  153 
obstetric  surgery,  efficiency  in,  146 
physiologic  action,  140 
abdomen,  142 
circulation,   142 
genito-urinary,    142 
general  and  local  toxic,  144 
respiration,  143 
skin,   144 
uterus,  143 
position  of  patient  after  injection 

for,  149 
post-operative  treatment,  164 

general  directions  for  care  of 
patients,  165 
puncture  for,  technique  of,  147 
sacral,  136,  167 
efficiency,   169  " 

technique,  dosage,  168 
selection  of  patients  for,  144 
shifting  of  injected  fluid  in,  157 
site  of  injection.   151 
solutions  used  in,  150 
spinal  analgesia,  139 
nerve  roots  and  the  vertebraae  re- 
lation of,  cut  showing,  155 
segments,  cuts  showing,  163 
technique,  147 

high  analgesia,  147 
position      for     puncture,     cut 
showing,   148 


Spinal  column,   dislocations  and   frac- 
tures, 792 

fixation  of  neck,  793 

gunshot  injuries,  797 

injuries  to  the,  791 

localization  by  tenderness,  792 

paralyses,  796 

position  of  rest,  792 

stiff  back,  795 

traumatic  spondylitis,  796 

cord,  injuries  of  the,  796 
Splint  or  Splints: 

abduction,   in   brachial  plexus   in- 
jury, 869 
in  the  treatment  of  lesions  of 
the    brachial     plexus,     cuts 
showing,  869,  871 

application    in    fracture   of   fibula, 
case  illustrating,  866 

calliper  knee-,  Thomas,  cut  show- 
ing, 806 

*cock-up,*  use  of,  877,  879 

Colles^s     fracture,     cut     showing, 

783 
early  removal  in  fractures,  a  pos- 
sible danger,  865 
elbow  extension,  cut  showing,  780 

applied,  cut  showing,  781 
emergency,    for    fixation    of    neck 

injuries,  793 
foot,  rectangular,  728 
gradual  stretching  by,  in  contrac- 
tures   following    nerve    in- 
juries, 877 
cut  showing,  878,  879 
hand,  for  dorsiflexion  of,  871 
short,  cut  showing,  750 

applied,  cut  showing,  750 
intramedullary,  in  fractures,  712 
Jones's,      for      Colles's      fracture, 

786 
knee-,  Thomas's,  cut  showing,  813 
applied   for   fractured   patella, 
cut  showing,  816 
shoehorn- shaped,       use       of,       in 
Colles's  fracture,  786 
gutter,    for    'sprained'    thumb, 
788 
sliding  graft,   Albee   operation   in 
fractures,  713 
intramedullary,    Hoglund    op- 
eration, in  fractures,  714 
in  fractures,  cut  showing,  715 
in   the   treatment   of   contrac- 
ture of  hand,  case  illustrat- 
ing use,  877-879 
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Splint  or  Splints:  (cont.) 
foot-drop,  872 
in  median  and  ulnar  paralysis,  871 
in  muscle  wasting,  682 

to  prevent  recurrence  of   de- 
formity, 862 
nerve  injuries,  868-873 
to  prevent  contraction  of  muscles, 
627 
ulnar  nerve  lesions,  870 
Splintage,    correct,    prevention    of    re- 
currence   of    deformity    by, 
in  fractures,  862 
Splinting,   gradual,    with   extension    in 
the    treatment   of   joint   in- 
juries, 853 
types   of   deformities    suitable    for 
treatment  by,  854 
Spondylitis,    traumatic,    cause    of    stiff 

back,  796 
Sponge,  aseptic,  use  of,  for  'stopping' 

bone  cavities,  690 
*Sprained  ankle,'  treatment  of,  y2y,  735 
*Sprained'  thumb,  ySy,  788 

case  of  fracture  of  terminal  pha- 
lanx, 843 
Sprains,  acute,  842 

of  the  adductor  muscles,  846 
bandaging  in  treatment  of,  845 
classification  of,  842 
commonest  situations  for,  842 
diagnosis,  842 
importance     of     early     treatment, 

842 
in  neighborhood  of  the  elbow,  848 
inconvenience     and     pain     experi- 
enced by  patient,  842 
involving  joints,  842 

muscles,  842 
massage  and  strapping,  845 
massage,  effect  of,  881 
sequelae  of,  851 
treatment  of,  844 
by  bandage,  845 

electrical  stimulation,  845 
massage,  845 
x-ray    examination    before    treat- 
ment, 842 
chronic,  851 

and    internal    derangement   of 

the  knee-joint,  856 
diagnosis  of,  852 
importance  of  x-ray  examina- 
tion, 852 
intra-articular      lesions,      853, 
860 


Sprains:  chronic,  {cont,) 

•onization  in,  when  accom- 
panied by  excessive  synovi- 
tis, 857 

muscle-wasting  the  important 
symptom,  855 

pain  and  adhesions  in,  cause, 

851, 857 

prevention  of,  842 

rotation,     importance     of,     in 

treatment  of,  851 
synovitis  of  knee  with  wasting 
of    the    quadriceps,    cut 
showing,  858 
after  treatment  of,  861 
treatment   by  gradual   correc- 
tion, 854 
complicated  by  fracture,  frequency 

.of,  843 
complications    following    old-fash- 
ioned treatment,  851 
in  the  main  prevented  by  cor- 
rect diagnosis,  851 
correction    by    gradual    splinting, 

854 
elbow,  near  the,  848 

examination  of,  how  carried  out, 
842 

history  of  the  accident  in,  impor- 
tance of,  848 

muscular  wasting  following  de- 
layed treatment,  842,  855 

knee-joint,  graduated  contraction 
and  massage  in  the  treat- 
ment   of,    case    illustrating, 

855 

knee-joint  and  internal  derange- 
ment, 856 

ligaments,  treatment  of,  731 
about  the  elbow,  772 

of  the  wrist,  782 

treatment  of,  782 

prognosis,  843 

rest  and  exercise  in  relation  to 
treatment  of,  846 

restoration  of  muscle  tone  the 
essential  factor  to  recovery, 

845. 

simple,  kinds  of  fractures  fre- 
quently regarded  as,  842 

strapping  in,  object  of,  845 

swelling  in,  reduced  by  light  mas- 
sage, 845 

type  of  cases  in  which  massage  and 
ionization  are  recom- 
mended, 843 
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Sprains:  chronic,   {cont.) 

in    which    passive    movements 

are  not  allowed,  843 
suitable  for  correction  by  con- 
tinuous splintage,  854 
x-ray       examination       before 
treatment,  842 
and   rupture   of   ligaments   of   the 
knee-joint,  806 
Spring  for  dealing  with  foot-drop,  cut 

showing,  873 
Staphalbus  vaccine,  use  of,  in  elephan- 
tiasis, 544 
Staple-plate,    bone,    for    fractures,    cut 

showing,  712 
Stationary     bicycle,     active     exercises 
against  resistance  by,  in  re- 
lation  to  quadriceps   group, 

839 
Statistics  of  removal  of  the  Gasserian 

ganglion,  604 
*  Stay-knot/    Ballance    and    Edmunds's, 
in  ligature  of  the  abdominal 
aorta,  473 
arteries,  419 
subclavian,  501 
Steam,  moist,  antiseptic  action  of,  900 

sterilization  by,  14 
Steinmann  nail-extension  in  fractures, 

716 
Stephen   Smith's  disarticulation  at  the 

knee-joint,  342 
Stereoscopic  plates,  use  of,  in  the  diag- 
nosis of  fractures,  700,  701 
views,  in  acute  sprains,  842 
Sterility  of  'aseptic'  wounds,  4 
Sterilization,  agencies  for,  6 
definition  of,  5 
of  catgut,  15,  16 

dressings,  swabs,  towels,  and  over- 
alls, 14 
hands,  13 
infected    wounds,    factors    in    the, 

920 
instruments,  14 

ligature  and  suture  materials,   15 
Sterno-clavicular  joint,  dislocations  of 
.  the,  753 
diagnosis  of,  753 
treatment  of,  754 
ligaments  of,  753 
subluxations  of  the,  754 
Sterno-mastoid,  division  of  the,  640 
after-treatment,  643 


Sterno-mastoid:  (conL) 

temporary  paralysis  in  the  treat- 
ment of  acute  spasm  of,  646 
tendon  of  the,  division  of  the,  640 
Stiff  back  following  injuries,  795 
types  of,  795 

shoulder  after  dislocation  of  frac- 
ture of  the  humerus,  treat- 
ment of,  768 
Stiffness  an  aid  to  diagnosis  and  treat- 
ment in  joint  injury,  738 
of  back,  causes  of,  795 
joints,  causes  of,  738,  742 
neurotic,  746 

prevention    of,    by    graduated 
contraction  in  the  treatment 
of  fractures,  862 
varieties,  742 

shoulder,   due  to  adhesions   about 
the  joint,  treatment  of,  768 
Stimulation    of    muscles    of    leg,    cuts 
showing  effects  of,  838 
nerves,  direct  method  of,  875 
Stokes-Gritti's  amputation,  352 
*  Stopping*   bone   cavities   with    foreign 

substances,  690 
Stovaine,   discovery   of,   by   Fourneau, 

139 
amount  used  for  spinal  analgesia, 

148,  151 
specific  hemolytic  action  of,  150 
sterilization  of,  150 
use  of,  as  analgesic,  139,  150 
in  spinal  analgesia,  150 
Stovaine-glucose    solution     (Barker's) 

for  spinal  injection,  148 
Strain  of  the  biceps  brachii,  diagnosis 

of,  77^  . 
brachialis    anticus,    treatment    of, 

771 
common  extensor  or  flexor  origins, 

diagnosis  of,  770 
muscle,  about  the  elbow,  770 
of  the  insertion  of  the  triceps,  diag- 
nosis of,  770 
muscular    attachments    a1>out    the 
carpus,  781 
joints,  diagnosis  of,  729 

treatment  of,  730 
knee,  806 
of  the  tendo  Achillis,  817 
Strapping,  bad  effects  of,  in  sprain  of 
adductor  longus,  846 
in  the  treatment  of  acute  sprains, 
848 


INDEX 


993 


Strapping:  (cont.) 

strains  about  the  carpus,  781 
less  important  than  restoration  of 
muscle  tone  in  joint  sprains, 

845 
'Stretch   and   rest'   treatment  of*  com- 
pound and  septic  wounds  of 
the  elbow,  780 
Stretching,  daily  passive,  of  little  value 
in  control  of  scar  tissue,  750 
gradual,    in    overcoming    contrac- 
tures   after    nerve    injuries 
(Robert  Jones's),  877 
in  the  treatment  of  ischaemic 
paralysis  of  the  hand,  752 
the  great  sciatic  nerve,  619 
Stump  or  Stumps: 

after  amputation,  care  of,  828 

Farabeufs,  at  the  'seat  of  elec- 
tion,' 341 
Furneaux  Jordan's,  368 
Gordon     Watson's     trans-cal- 

caneal,  319 
Pirogoff's,  316 

disarticulation  at  the  hip- joint, 
by  anterior  racket   method, 

373 

Farabeufs       sub-astraga- 

loid,  303 
Stephen    Smith's,    at    the 
knee-joint,  345 
Syme's  operation,  310 
bandaging  the,  210 
baths  in  the  treatment  of,  211 
characters  of  a  faulty,  190 

good,  187 
conical,  190 
end-bearing,  209 
future  of  the,  209 
massage  of,  210 
movements  of,  210,  211 
pressure  exercise  of,  210 
routine  treatment  of,  209 
Subacromial  bursitis,  668 
Sub-astragaloid  disarticulation,  295 
Farabeufs,  296 
Nelaton's,  304 
racket,  305 
Roux's,  305 
Subclavian  artery,  ligature  of,  498 
mortality  statistics  of,  501 
by  oblique  incision,  501 
A-shaped  incision,  502 
third  part,  503 
right,  ligature  of  first  part  of,  500 
surgical  anatomy,  498 

S.  Vol.  I. 


Subcutaneous  osteotomy,  673 
Subluxations    of    the    sterno-clavicular 
joint,  754 

Sub-occipital   nerve,  exposure   of  the, 
611 

Sub-trochanteric     osteotomy     of     the, 

femur,  679 
Superior    gluteal    artery,    anatomy   of, 
464 
ligature  of,  464 
maxillary  nerve,  resection  of  the, 

585 

at  the  foramen  rotundum,  586 
infra-orbital  foramen,  585 
surgical  anatomy  of  the,  585 
Supination  in  the  treatment  of  injuries 

of  the  elbow,  779 
Suppuration   in  an   extremity,  intract- 
able, amputation  for,  180 
operation  wounds,  23 
Supra-condyloid  amputations,  348 
Stokes-Gritti's,  352 
osteotomy.  Mace  wen's,  674 
Supra-malleolar  amputation,  by  a  long 
posterior  flap,  326 
Guyon's,  323 

Marcellin  Duval's  method,  325 
Supra-orbital   nerve,   exposure   of  the, 

surgical  anatomy  of  the,  584 
Surgery,  aseptic,  see  Aseptic  surgery 
Surgical  anatomy  of  the  posterior  pri- 
mary  divisions   of  the   first 
three  cervical  nerves,  610 

anterior    crural    (femoral)    nerve, 
620 

facial  nerve,  607 

fingers,  213 

Gasserian  ganglion,  589 

hypoglossal  nerve,  608 

inferior  maxillary  nerve,  587 

superior  maxillary  nerve,  585 

median  nerve,  613 

musculo-spiral  nerve,  615 

external   popliteal    (common  pero- 
neal) nerve,  620 

internal    popliteal     (tibial)    nerve, 
620 

great  sciatic  nerve,  618 

spinal  accessory  nerve,  608 

sterno-mastoid.  640 

supra-orbital  nerve,  584 

ulnar  nerve,  614 
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Suture  or  Sutures: 

absorbable,  in  the  mechanical  fixa- 
tion of  fractures,  705 
Kanavel's    tendon,    cut     showing, 

651 

lateral  tendon,  649 
materials,  sterilization  of,  15 
mattress,  for  uniting  tendons,  650 
obliterative,    in    endo-aneurysmor- 

rhaphy,  387 
reconstructive,     in     endo-aneurvs- 

morrhaphy,  390 
restorative,     in     endo-aneurysmor- 

rhaphy,  387 
tendons,  647 

primary,  647 

end-to-end,  648 
side-to-side,  648 
lateral  implantation,  648 
secondary,  652 
unabsorbable,    in    the    mechanical 

fixation  of  fractures,  706 
wire,    for    oblique    and    transverse 
fractures,  cut  showing.  707 
of  amputation  wounds,  208 
arteries,  378-381,  382 
muscle,  623 

nerves,  sec  also  Nerve  suture 
Suture  of  nerves,  567 
end-to-end,  567,  574 
primary,  567 

after-treatment,  581 
results,  582 
secondary,  569 
Swabs,  sterilization  of,  14 
Sweat,  infectivity  of,  13 
Swelling  in  acute  sprains,  use  of  pres- 
sure bandage  in,  845 
light  massage  in,  846 
Sylvester  method  of  artificial  respira- 
tion, 67 
Syme's  amputation,  306 

foot  knife,  308 
Synovitis,      absorption      promoted      by 
ionization,  882 
chronic,  of  right  knee,  with  much 
wasting   of    quadriceps,    cut 
showing.  858 
of  the  sterno-clavicular  joint,  rest 

in»  753 
in  the  wrist,  treatment  of,  781 

prevention  of  recurrence,  861 

recurrent,  860 

recurrent,    of    the    knee,    arthritic 

changes  following,  861 


Synovitis:  (cont.) 

recurrent,     a     sequela     of     acute 
sprains,  851 
common   occurrence    in    knee- 
joint,  860 
in  wasting  of  quadriceps,  857 
treatment  by  ionization  and  grad- 
uated contraction,  857 
Syphilis,  solid  oedema  due  to,  552 
Syphilitic  lymphadenitis,  553 
Syringe    for    subcutaneous    infiltration, 
105 
Luer  for  spinal  analgesia,  152 
and  needle   for  spinal  anaesthesia, 
sterilization  of,  153 

Table  showing  quantities  of  in^e- 
dients  for  forty  litres  of 
Dakin's  solution,  937 

Tacks,  use  of,  for  fixation  of  fractures, 

708 
Talipes    calcaneus,    following    internal 
popliteal   injury,   prevention 
of,  873 

tendon-shortening  in,  659 

equino-varus,  division  of  the  tibia- 
lis anticus  (anterior)  tendon 
in,  634 

equinus,  division  of  the  tendo 
Achillis  in,  631 

paralytic,  tendon-transplantation 
and  tendon-grafting  in,  661 

valgus,  division  of  the  peronei  ten- 
dons in,  637 

varus,    congenital,    osteotomy    in. 
673 
Talma-Morison    operation    for    ascites. 

549 
Tapotement.  description  of,  883 

Tarso-metatarsal  joints,  disarticulation 

through  the,   282 
Taylor's    brace    in    the    treatment    of 

von  Volkmann's  contracture. 

627 

Teale's  method  of  amputation,  200,  329 

Teeth,  carious,  effect  of,  on  tuberculous 

glands,  554 

extraction  of,  inhaler  for  use  in. 

86 

Temperature     of     operating     theatres, 

maintenance  of,  10 
Temporal  artery,  ligature  of,  524 
Temporary  ligature  of  arteries,  191 
Tenderness,  localized,  indicative  of  in- 
jury   to    spinous    processes. 
792 
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Tendon  or  Tendons: 

Tendo  Achillis,  division  of,  631 

after-treatment,  654 

difficulties  and  dangers  of,  633 

methods,  632 

strain  of  the,  817 
Tendons,  division  of,  629 

implantation  of,  cut  showing,  661 

of  the  biceps  femoris,  division  of 
the,  638 

flexor  hallucis  longus,  division  of 
the,  636 

hamstring  muscles,  division  of  the, 

peronei,  division  of  the,  637 
semimembranosus,  division  of  the, 

639 
semitendinosus,     division     of    the, 

639 
sterno-mastoid,  division  of  the,  640 

tibialis  anticus  (anterior),  division 
of  the,  634 
posticus    (posterior)     division 
of  the,  635 
operations  upon,  629 
reconstruction  of,  657 
restoration  of,  by  use  of  silk  with 
fat      transplant      about      it 
(Kanavel),  cut  showing,  656 
restored,  photograph   showing  va- 
rious motions  possible  with 
(Kanavel),  659 
sheaths,  excision  of,  666 
operations  upon,  666 
suture,  647 

after-treatment,  652 
Kanavel's  method  of,  650 

cut  showing,  651 
lateral,  649 
mattress,  650 
primary,  647 
secondary,  652 

simple,  methods  of,  cut  show- 
ing, 649 
suturing,  649 
union  of,  648 

methods  of,  648 
end-to-end,  648 
lateral  implantation,  648 
side-to-side,    648 
Tendon-grafting,  660 

autoplastic,  cut  showing,  660 
various  methods  of,  cut  showing, 
662 


Tendon-lengthening.  653 

in   treatment   of   Volkniann*s  con- 
tracture, 627 
methods  for,  653 

Dawbarn's    autoplastic    graft- 
ing, 656 
heteroplastic,  657 
Kanavel's,  658 
Hibbs's,  654 
oblique  section,  654 
oblique  suture,  cut  showing,  654 
reflected  slips,  654 
cut  showing,  655 
oblique  sutures,  reflected  slips,  re- 
inforced by  caught  sutures, 
cut  showing,  655 
reconstruction  of  tendons,  657 
theT_-method  of,  cut  showing,  655 
results  of  (Kanavel),  cut  showing, 

657 
Tendon-shortening,  659 

methods  of,  659 
Tendon-transplantation     and     tendon- 
grafting,  660 
after-treatment,  664 
results   of,   665 
'Tennis  elbow,'  770 
Tenosynovitis,  tuberculous,  excision  of 

the  tendon  sheath  in,  666 
Tenotomes,  various  forms  of,  cut  show- 
ing, 630 
Tenotomy,  629 

indications  for,  629 
methods  of,  629 

the  open  method,  630 
the  subcutaneous  method,  631 
of  the  biceps  femoris,  638 

flexor  hallucis  longus,  636 
hamstrings,  638 
peronei,  637 
semimembranosus,  639 
semitendinosus,  639 
sterno-mastoid,  640 
tendo  Achillis,  631 
tibialis  anticus  (anterior),  634 
posticus  (posterior),  635 
Tension,     avoidance     of,     in     postural 
treatment  of  nerve  injuries, 
868 
in  tendon  suture,  653 
osmotic,  see  Osmotic  tension 
Tensor  fasciae   femoris,   importance   in 
supporting      body      weight, 

839 
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Tensor  fasciae  femoris:   {cont.) 

point  of  stimulation  of,  839,  840 
cut  showing,  840 

stimulation  of,  in  knee  injuries,  839 
Tests  for  blood  transfusion,  397 
Tetanus,  development  of,  after  opera- 
tions, 26 
post-operative,  due  to  catgut,  15 
Theatre,      operating,     see      Operating 

theatre 
Thiersch's   skin  grafts,   use   of,   in   se- 
questrotomy,  689 
.Thigh,  amputations  through  the,  356 
circular,  356 
by    long    anterior,   and   short 
posterior  flaps,  358 
muscles,  exercises  for,  885 
see  also  Quadriceps 
and  knee,  arteries  of  the,  ligature 
of,  436 
Thomas  calliper  knee-splint,  cut  show- 
ing, 806 
Thomas's  knee-splint,  cut  showing,  813 
applied    for   fractured   patella,   cut 
showing,   816 
Thomas,  Lynn,  see  Lynn  Thomas 
Thomas's     (Owen)     collar     and     cuflF 
method   of   gradual    correc- 
tion    of    joint     deformities, 

853 

cut  showing,  854 

wrench,  cut  showing,  788 
Thumb,  amputation  of  the,  Farabeuf's, 
224 
tip  of,  217 

disarticulation    at    the    metacarpo- 
phalangeal joint  of  the,  225 

dislocation   of   the   metacarpo-pha- 
langcal  joint  of  the,  788 

injuries  of  the,  787-790 

'sprained,'  787 

case    of    fracture   of   terminal 
phalanx,  843 

skiagram  showing,  844 

sprains  and  fractures  of  the,  787- 

790.  843 
with  its  metacarpal,  amputation  of 
the,  226 
Thyreoid    tumour,    regional    analgesia 
for,   121 

Tibia,  fracture  of  the  condyles  of  the, 
8T4 

tuberosities  of  the,  815 
osteotomy  of  the,  677 
rupture    of    the    crucial    ligaments 


Tibia:  (cont.) 

and  fracture  of  the  spine  of 
the,  812 
Tibial  weakness  with  tendency  to  foot- 
drop,  splintage  of  foot,  856 
nerve,  exposure  of  the.  620 
Tibialis  amicus   (anterior)   tendon,  di- 
vision of  the,  634 
point  of  stimulation  of,  840 

cut  showing,  840 
stimulation  of,  showing  inver- 
sion    of     foot     with     dor  si - 
flexion  (cut),  838 
posticus     (posterior),     tendon     of 
the,  division  of  the,  635 
Tic,   spasmodic,   resection   of  the   pos- 
terior primary   divisions  of 
the      first      three      cervical 
nerves  in,  609 
Tip-toe  exercises,  description  of,  893 
Tissue-resistance  factors  influencing,  6 
Tissues,  repair  of,  process  of,  748 
Titration  of  chlorinated  lime  in  Dakin's 
solution,  938 
Dakin's  solution,  938 
Toe  or  Toes: 

amputation  of  the,  275 

by  Farabeufs  method,  2yy 
great,  275 

by  large  internal  flap,  2yy 
square  internal  flap,  279 
elevator  for  the  prevention  of  foot- 
drop,  872 
cut  showing,  873 
great,  disarticulation  at  the  meta- 
tarso-phalangeal  joint,  276 
outward   displacement  of  the, 
827 

stiffness  of  joint  of  the,  827 
hammer-,  operation  for,  828 
outer,  disarticulation  of  the,  at  the 

metatarso-phalangeal  joints, 

281 

regional  analgesia  for  removal  of 
the,  129 
Tongue,  inoperable  cancer  of  the,  re- 
section of  the  inferior  den- 
tal nerve  for,  587 
Torticollis,  see  Wry-neck 
Towels,  sterilization  of,  14 
Tracheal  tul^e  used  in  laryngectomy,  87 
Trans-calcaneal     amputation,     Gordon 
Watson's,  317 
Le  Fort's,  316 
Pirogoff's,  313 
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Trans-condyloid  amputations,  348 

Lister's   modification   of   Garden's, 

350 
by   long   anterior   and    short   pos- 
terior flaps,  349 
Transfusion  of  blood,  see  Blood  trans- 
fusion 
Transplantation,  autoplastic,  with  non- 
nervous    tissues,    in    nerve- 
bridging,  576 
hetero-,  with  nerve,  in  nerve-bridg- 
ing, 576 
homo,  with  nerve,  in  nerve-bridg- 

.ing,  576 
with  non-nervous  tissue,  576 
of  bone,  see  Bone  transplantation 

of  tendons,  660 
Traumatic    spondylitis,    cause    of    stiff 

back,  796 
Trench-digging  cause   of   synovitis   in 

the  wrist,  781 
Trendelenburg's   operation   upon   vari- 
cose veins,  531 
Trephining  the  skull  in  avulsion  of  the 

sensory  root  of  the  Gasser- 

ian  ganglion,  606 
removal  of  the  Gasserian  ganglion, 

601,  604 
Triceps,  strain  of  the  insertion  of  the, 

diagnosis  of,  770 
Trigeminal     neuralgia,     exposure     of 

supra-orbital  nerve  in,  584 
Tripier's  operation,  295 
Tropacocaine,  use  of,  as  analgesic,  100 

150 
Tube,  drainage,  use  of,  18 

for   blood   transfusion,   description 

of,  403 
preparation  of,  404 

Tuberculous  lymphadenitis,  554 

sequestrum,  removal  of,  682,  683, 

694 
Tuberculous  teno-synovitis,  excision  of 

the  tendon  sheath  in,  666 
Tuberosities  of  the  tibia,   fractures  of 

the,  815 
Tubes,     conduction,     see     Conduction 
tubes 
distributing,   glass,  description  of, 
915,  920 
and     instillation,     method     of 
using,  915,  920,  922 
protective,     use     of,     in     nerve- 
bridging,  579 
rubber   instillation,   description   of, 
920 


Tubulization,  nerve,  579 
Twilight  sleep  (anaesthesia),  173 

Ulcers,  amputation  for,  181 

Ulna,  coronoid  process  of  the,  fracture 

of  the,  775 
Ulna  and  radius,  comminuted  fracture 
of    lower   end,    involvement 
of  joint  surfaces,  cut  show- 
ing, 863-865 
Ulnar  artery,  ligature  of,  480 

in  lower  third  of  forearm,  481 
in  middle  of  forearm,  481 
in  upper  third,  483 
surgical  anatomy  of,  480 
nerve,    electrical    stimulation    of, 
point  of  application,  875 
exposure  of  the,  614 
injury  of  the,  clawing  of  hand 

following,  870 
lesion   of  the,   postural   treat- 
ment of,  870 
prevention    of    deformity, 

871 

postural  treatment,  869 
postural    treatment,    following 

division,  868 
surgical  anatomy  of  the,  614 
Ultraviolet  radiations,  bactericidal  ac- 
tion of,  911 
Union,  non-,  with  displacement  in  frac- 
tures of  long  standing,  treat- 
ment of,  721 
without  displacement,  in  fractures 
of  long  standing,  treatment 
of,  720 
Ununited  fracture,  operations  for,  719 
Upper  arm,  amputations  of,  270 
through  the,  256 

by  antero-posterior  flaps,  260 
by  circular  method,  259 
by  a  large  external  flap,  262 
extremity,  amputations  in,  213 
together   with   the   scapula   and   a 
portion   of   the   clavicle   re- 
moval of,  270 
Urinary  tract,  infections  of,  treatment 

of,  912 
Urine  source  of  wound  infection,  9 

Vaccines,  in  the  treatment  of  ele- 
phantiasis, 544 
Varices,  excision  of,  in  varicose  veins, 

531 
Varicose  aneurysm,  operations  for,  396 

veins,  excision  of  varices,  531 
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Varicose:  veins,  (cont.) 

operations  upon,  529 
Trendelenburg's  operation  for, 

531 
Varix,  aneurysmal,  operation  for,  395 

Vastus  internus,  function  of,  839 

point  of  stimulation  of,  cut  show- 
ing, 840 
stimulation  of,  patella  in  relation 

to,  837 
wasting  of,  857 

following    knee-joint     injury, 

857 

treatment   by   graduated    con- 
traction, 839 
Vein,  portal,  sec  Portal  vein 
Veins,  operations  upon,  527 

arterio-venous  anastomosis,  528 
plastic,  527 
venesection,  533 
varicose,  mode  of  identifying,  530 

530. 
operations  upon,  529 

Trendelenburg's  operation  for,  531 

Venesection,  533 

V^entilation,  Tlenum*  system  of,  10 

Vertebra,  fracture  of  a,  cause  of  stiff 

back,  795,  796 

Vertebrae,  sec  also  Spinal  column 

Vertebrae,    cervical,    fractures    of    the, 

792 

dorsal,  fractures  of  the,  794 

lumbar,  fractures  of  the,  794 

methods  of  articulation  of  the,  791 

Vertebral  artery,  ligature  of,  518 

surgical  anatomy,  518 

Vessels,  lymphatic,  injuries  of,  537 

Vessels,   main,   preliminary  permanent 

ligature  of,  in  amputations, 

192 

Victor  Horsley's  (Sir)  method  for  the 

removal    of    the    Gasserian 

ganglion,  590 

Vincent's    method    of   determining   the 

Moss  grouping  of  blood,  401 

Volkmann's  contracture,  626 

non-operative     treatment     of, 

627 

operative  treatment  of,  62y 

ischaemic  paralysis  or  contractures, 

gradual  correction  of,  854 

Vomiting,  following  general  anaesthesia, 

69 

treatment  for,  70 


Walther  and  De  Gouveas'  trans- 
plantation of  the  fibula, 

698 

War,  injuries  of,  blood  transfusion  for, 
411 

Wasting,  muscle,  see  also  Muscle  wast- 
ing 
of  muscles  in  joint  injuries,  831, 

?33 
Water,  boiling,  sterlization  by,  14 

Watson's      (Gordon)      trans-calcaneal 

amputation,  317 

Wax,   Horsley's   aseptic,    formula   for, 

591 
iodoform,  formula  for,  690 

Weak  foot,  823 

knee  due  to  adhesions,  859 

result     of     quadriceps  insuffi- 
ciency, 857 
Weight-and-pulley  and  wrist  roller  ap- 
paratus, combined,  885 
cut  showing,  884 
exercises  with,  885 
extension  inefficient  as  a  means  of 
fixing  fractures,  802 
Welch's  observations  concerning  micro- 
organisms       in        'aseptic* 
wounds,  4 
Wet  method  of  skin  disinfection,  11 
Wharton   Hood's   description   of   Hut- 
ton's   (bonesetter)   methods, 

851 
Whirlpool  baths  in  treatment  of  nerve 

injuries,  876 
'White  leg,'  puerperal,  551 
Wire   sutures   for   oblique   and    trans- 
verse fractures,  cut  showing, 
707 
use  of,  in  suturing  fractures,  706 
Wool,  cotton,  use  of,  in  treatment  of 

joint  sprains,  845 
Workshops,  curative,  important  factor 
in  after-treatment  of  nerve 
injuries,  895 
Wound  or  Wounds: 
accidental,  27 
air-borne  infection  of,  7 
aseptic,  definition  of,  4 
^aseptic,'  sterility  of,  4 
clean,  irrigation  of,  17 
closure  of  the,  in  amputation,  207 
drainage  of,  17 
excision  of,  28 
infected,  drainage  of,  18 

treatment  of,  22,  29,  908,  914 
by  the  Carrel  method,  914 
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Wound  or  Wounds:   (cont.) 

and    non-infected,    border-line    be- 
tween, 29 
infection  of,  7 
infections,  bacteriology  of,  5 
means  of  preventing,  10 
sources  of,  7 
air,  7 
bowel,  9 
haemic,  9 
hands,  9 
materials,  10 
patient,  9 
patient's    skin,    prevention   of, 

II 
skin,  9 
urine,  9 

susceptibility  to,  6,  9 
of  the  elbow,  compound  and  septic, 

treatnient  of,  780 
in  flexure  of  hip,  slight  abduction 

of  thigh  in,  750 
operation,  bacteriology  of,  5 

suppuration  in,  23 
septic,  of  wrist,  palms,  and  fingers, 
hyperextension   of  parts   in, 

750 

Wrench,  Thomas's,  cut  showing,  788 

Wrenching,   in  breaking  down   of  ad- 
hesions, 842-844 
Wrist-joint,  amputation  at  the,  233 
by  a  circular  incision,  233 
by  an  elliptical  incision,  234 
by  a  long  palmar  flap,  235 
by  a  single  external  flap,  238 
deformity  of,   following  nerve  in- 
juries,    correction     of,     by 
splints,  877-879 
following    unreduced    Colles's 
fracture,     case     illustrating 
treatment  by  graduated  con- 
traction, 862 
disarticulation  at  the,  233 
dislocations  of  the,  783 
exercises  for  flexion  and  extension, 
cut  showing,  889 
apparatus    for,    cut    showing, 
884,  889 
flexion  deformity  of,  case  illustrat- 
ing gradual  correction  treat- 
ment, 877 
flexors  of,  position  of  electrode  in 

treatment,  841 
fracture  of,  treatment,  782 
rule  for  position,  782 
Colles's,  783.  784 


Wrist-joint:  (cont.) 

fractures     frequently     treated     as 

simple  sprains,  842 
injuries  of  the,  781 

to    ligaments    and    structures, 
case    illustrating    treatment 
by     graduated     contraction, 
863 
cuts,  863,  864,  865 
paralysis     of     extensors     due     to 
musculo-spinal    injury,    pos- 
tural treatment,  874 
position  during  treatment  of  mus- 
culo-spinal   and    interosseus 
nerve  injury,  872 
relative     importance     of     muscles 

and  ligaments,  831 
x-ray   examination   desirable,   842, 

852,  866 
'sprains'  of  the,  782 
Wrist,  sec  also  carpals;  Colles's  frac- 
ture; Semilunar 
and  hand,  amputation  of,  213 
and   palms,   hyperextension   of,   in 
burns    and    septic    wounds, 
750 
drop,   postural   treatment  of,   case 
illustrating,  869 
Wrist  roller,  cut  showing,  889 
Wrist  roller  and   machine   for  weight 
and    pulley     exercises,     cut 
showing,  884,  889 
Wry-neck     before     operation,     photo- 
graph of  patient  with   (Ka- 
navel),  cut  showing,  644 
division  of  the  sterno-mastoid  in, 

640 
Kanavel's    method    for   the    treat- 
ment of,  643 
myomectomy     (Mikulicz's     opera- 
tion)  in.  643 
photographs    of    patient    showing 
result     after     insertion     of 
muscle     transplantation     of 
fat,  and  treated  without  re- 
tentive    apparatus     (Kana- 
vel),  645 
spasmodic.  644 

division    of    spinal    accessory 

nerve  in,  644 
Kennedy's  treatment  of,  644 
operation     for,     dangers     and 
difficulties  of,  646 
Wynter's  operations,  550 
Wyeth's  pins,  195 
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X-ray  examination,  importance  of, 
in     interphalangeal     in- 
juries     and      ^sprained' 
wrist,  842,  852,  866 
in  the  diagnosis  of  chronic  sprains, 
842 
chronic  sprains,  852 
necessary  in  diagnosis  of  sprains 
and  adhesions,  842 
gunshot  injuries  of  the  spinal  , 
column,  797 

fractures,  700,  703 

fracture  of  the  neck  with  dis- 
location of  the  head  of  the 
humerus,  767 

of  the  scapula,  763 


injuries  of  the  shoulder- joint, 

joint  affections,  742 

myositis  ossificans  traumatica 

about  elbow-joint,  yyy 
'sprained'  wrist,  782 
traumatic  spondylitis,  796 

Zander  apparatus,   substitute  for, 

exercises  against  resistance,  in  re- 
lation to  quadriceps  group, 
839 
Zmc  sulphate,  antiseptic  action  of,  906 
Zygoma,  section  of  the,  in  removal  of 
the  Gasserian  ganglion,  cut 
showing,  594 
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